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Simplified  Model  of  Collisional  Ionization  and 
Recombination  for  Highly  Excited  Atoms  -  P .A. 

VICHARELLI  and  A.V.  PHELPS,  JILA,  U.  of  Colorado  and 
NBS — The  simplified  model  of  collisional-radiative 
recombination  of  Bates^-  has  been  extended  to  include 
the  excitation  and  deexcitation  of  highly  excited 
atoms  in  collisions  with  neutral  atoms  and  the  direct 
collisional  ionization  and  recombination  of  each  excited 
state.  When  only  atom  collisions  are  added,  ionization 
and  recombination  coefficients  vary  with  electron  and 
atom  density  as  found  by  Collins. 2  Direct  collisional 
ionization  and  recombination^  greatly  increase  the 
effective  ionization  coefficient  at  moderately  low 
fractional  ionization  but  only  increase  the  recombina¬ 
tion  coefficient  slightly. 

Supported  in  part  by  the  U.S.  Army  Research  Office. 

^D.R.  Bates,  Proc.  Roy.  Soc.  (London)  A337 ,  15  (1974). 
^C.B.  Collins,  Phys.  Rev.  177 ,  254  (1969). 

3L.  Vriens  and  A.H.M.  Smeets,  Phys.  Rev.  A22,  940  (1980). 


Dissociative-Recombination  of  e  +  H3+.  An  Analy- 
sis  of  Reaction  Product  Distribution  -  H.H.  MICHELS, 

R.H.  HOBBS,  United  Technologies  Research  Center* — 
Dissociative-recombination  (DR)  of  e  +  H3+  is  exothermic 
by  ^9  eV  to  form  H  +  113  and  endothermic  by  nearly  6  eV 
to  form  the  ion  pair,  H~  +  •  The  detailed  branching 

of  this  reaction  depends  on  the  shape  of  the  and  ^ 

hypersurfaces  for  H3  for  interatomic  separations  in  the 
vicinity  of  2-3A,  Detailed  a_b  initio  calculations  of 
these  hypersurfaces  have  been  carried  out  within  a  Cl 
framework.  We  find  that  the  reaction  path  for  (DR) 
begins  with  electron  attachment  to  form  the  symmetric 
Ai  state  of  H3  which  is  unstable  toward  asymmetric 
distortion  into  the  surfaces  tA^  and  83.  The  A3  sur¬ 
face  connects  to  H  +  H 3 ^  leaving  H3  with  a  significant 
amount  of  vibrational  energy  owing  to  the  larger  RL.  of 
H3  .  The  branching  to  II  +  II  +  H  and  the  role  of  Rydberg 
states  will  also  be  discussed. 

*Supported  in  part  by  AFOSR  under  Contract  F49620-81-C- 

0022. 
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A-3  Dissociative  Recombination  of  Electrons  with  NO 
Ions  -  J.  N.  BARDSLEY,  U.  of  Pittsburgh”  —  Cross 
sections  are  calculated  for  direct  dissociative  recom¬ 
bination  of  electrons  with  N0+  ions  in  the  lowest  four 
vibrational  states,  using  a  non-local  resonant  scattering 
theory.  Contributions  from  the  I  A'  b  2^  l  2jj 
and  B'  are  included. 0  For  ground  state  Jons  the  cross 
section  falls  from  340  at  0.03  eV  to  5  A^  at  1  eV. 

The  corresponding  recombination  rate  decreases  from 
4.3  x  10-7  cm3  S-1  at  300  K  to  6.2  x  10“8  at  6000  K. 

For  the  excited  vibrational  levels,  the  cross  sections 
and  recombination  rates  are  smaller.  The  dissociation 
leads  almost  entirely  to  N(^D)  +  0(3p).  The  consis¬ 
tencies,  and  inconsistencies,  of  these  results  with 
previous  experimental  results  will  be  discussed. 

*Work  supported  by  DARPA  through  LLNL  Sub-contract 
5886701. 


Theory  of  Electron-Ion  and  of  Ion-Ion  Recombina¬ 
tion  -  M~  R.  FLANNERY,  Georgia  Institute  of  Technology* — 
A  basic  microscopic  theory  of  electron-ion  collisional 
recombination  in  a  dense  gas  is  proposed.  An  expression 
is  derived  for  the  probability  of  collisions  between  a 
neutral  gas  particle  and  a  negative  ion  (or  electron) 
with  radial  separation  R  <:  R0  from,  and  moving  in  a 
hyperbolic  orbit  about,  a  central  positive  ion.  A  simple 
"one  channel"  treatment  of  recombination  can  then  be 
presented.  Contact  with  the  more  basic  "multichannel" 
theory1  is  established.  For  electron-ion  recombination 
in  a  monotonic  gas,  the  low  gas  density  limit  is  identi¬ 
cal  with  that  of  Pitaevskii.  Results  of  the  simple 
treatment  are  provided  for  (Kr+-F“)  and  (Xe+-Cl~)  as  a 
function  of  density  of  various  rare  gases. 


Supported  by  U.  S.  AFOSR  Grant  80-0055. 

Hi.  R.  Flannery,  Phil.  Trans.  Roy.  Soc.  A  304,  447  (1982). 


A-5  Theory  of  Three  Body  Electron  Recombination  in 
Molecular  Gases-W.L.  MORGAN,  Lawrence  Livermore  Nat.  Lab- 
The  method  of  molecular  dynamics1 (MD)  has  been  used  to 
simulate  the  electron-molecule  recombination  process 
e  +  M+  +  M.  The  MD  calculations  were  performed  for  CO^ 
in  CO2  and  CH^  in  CH4.  The  effects  of  inelastic  electron 
molecule  collisions,  which  enhance  the  recombination  rate, 
are  included  in  the  calculations  using  a  "null  collision" 
algorithm.  For  CO2  the  computed  rate  coefficient  increases 
linearly  with  pressure  and  agrees  with  recent  experimental 
data2  for  p^2  atm.  Above  this  pressure  the  calculated 
rate,  in  contrast  to  the  measured  rate,  saturates  and  then 
declines  for  p>8  atm.  Reasons  for  this  behavior  will  be 
di scussed. 

*Work  supported  by  the  Univ.  of  California,  Lawrence 
Livermore  Nat.  Lab.  under  DOE  Contract  #W-7405-ENG-48. 

^.L.  Morgan,  J.N.  Bardsley,  J.  Lin,  and  B.L.  Whitten, 

Phys.  Rev.  A,  to  be  published. 

2D.A.  Armstrong,  E.S.  Sennhauser,  J.M.  Warman,  and 
U.  Sowada,  Chem.  Phys.  Letts.  86,  281  (1982). 


A-6  Mutual  Neutralization  in  Rare  Gas  Halides  -  B.  L. 
WHITTEN,  W.  L.  MORGAN,  Lawrence  Livermore  Natl.  Lab.,  & 

J.  N.  BARDSLEY,  U,  of  Pittsburgh* — Previous  work  has  in¬ 
dicated  that  mutual  neutralization  (MN) (X+  +  Y“  X*  +  Y) 
and  three  body  recombination  (X+  +  Y~  +  Z  -*■  XY*  +  Z)  are 
competing  processes  and  branching  between  them  can  sig¬ 
nificantly  affect  the  formation  rate  of  XY*.  Experimen¬ 
tal  and  theoretical  calculations  of  MN  for  systems  with 
large  crossing  points  differ  by  many  orders  of  magnitude. 
We  have  performed  quantum  mechanical  calculations  of  MN 
for  Ne+  +  F~  (Rx  ^  10  A)  and  Ar+  +  F“  (Rx  ^  19  A) .  We 
find  that,  in  both  these  cases  the  Landau-Zener  model 
gives  an  accurate  prediction  of  the  quantum  cross  sec¬ 
tions.  This  indicates  that,  at  atmospheric  pressure,  MN 
is  the  dominant  recombination  process  for  Ne+  +  F-,  while 
three  body  recombination  dominates  for  Ar+  +  F_.  We 
offer  an  explanation  of  the  discrepancy  between  our 
results  and  others.  We  also  discuss  spin-orbit  effects 
in  ArF  and  the  competition  between  MN  and  three-body 
recombination  in  NeF. 

*Work  supported  by  U.S.  D.O.E.  by  LLNL  under  contract 
#W-7405-Eng-48 . 
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BA-1  Anodic  Erosion  in  Multi-Cathode-Spot 
Vacuum  Arcs-  S.  SHALEV,  S.  GOLDSMITH,  and 
R.L.  BOXMAN,  Tel-Aviv  U.* —  Anodic  erosion  in  a 
multi-cathode-spot  vacuum  arc  between  12-14  mm 
diam,  4  mm  gap  electrodes  was  studied.  Arcs  of 
30  ms  duration  and  peak  currents  of  0.4-2. 2  kA 
were  ignited  by  means  of  a  trigger  electrode 
recessed  in  the  cathode.  Emission  of  anodic 
material  lines  was  observed  spectroscopically 
even  at  low  currents,  but  anodic  weight  loss 
was  not  observed  because  of  the  deposition  of 
cathodic  material.  For  currents  exceeding  a 
threshold  value  dependant  on  material,  melting 
of  the  anode,  usually  at  the  center,  was 
observed.  The  threshold  current  in  A  for 
various  cathode-anode  pairs  follows:  Cu-Zn, 
500;  Al-Zn,  760;  Cu-Al,  880;  Zn-Zn,  1000; 
Al-Al ,  1120;  Mo-Cu,  2160;  Cu-Cu,  >2200.  In 
the  case  of  Cu-Al,  the  estimated  mass  gained 
from  cathodic  flux  equalled  the  erosion  for  a 
peak  current  of  1250  A.  At  a  peak  current  of 
2050  A,  the  erosion  (15  mg)  was  8  times  larger 
than  the  gain  from  the  cathodic  flux. 

♦Supported  by  the  US-Israel  Bi-National  Science 
Foundation  and  the  Israel  Academy  of  Science. 


BA-2 

Arc  Current  and  Electric  Field  Measurements  in  a 
Transverse  Magnetic  Field  Metal  Plasma  Arc  Switch 


Scheffler,  D.  Dettman  and  R.  Dol linger,  St.  U.  of  NY  at 
Buffalo.*  —  Measurements  of  the  arc  currents  to  each 
anode  quarter  of  a  Westinghouse  type  [1]  of  Metal  Plasma 
Arc  Switch  (MPAS)  shows  non-uniform  current  distribution 
Single  electric  probe  measurements  show  the  existence  of 
a  thin  anode  sheath  and  a  Hall  electric  field.  These 
new  measurements  and  high  speed  photographs  for  the  case 
of  ringing  circuit  current  will  be  compared  to  previous 
data  [2]  for  nonringing  circuit  current.  The  implica¬ 
tions  associated  with  thin  anode  sheath  in  connection 
with  the  fluctuating  current  density  will  be  discussed. 

♦Supported  by  Electric  Power  Research  Institute  (EPRI). 

]c.  W.  Kimblin,  et.al.,  EPRI  Final  Reports  of  Phase  1, 
EL-393,  1977;  Phase  2,  EL-1221,  1979  and  of  Phase  3 
2(Research  Project  RP- 564  to  be  available  in  1982.) 

R.  Dollinger,  et.al.,  3rd  IEEE  International  Pulsed 
Power  Conference,  p.  428,  June  1-3,  1981  and  Final 
Report  of  EPRI  Research  Project  RP-993-3  (1983). 
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BA- 3  Characteristics  of  Metal  Plasma  Arc  Switches  - 
J.  Sullivan,  C.  Scheffler,  C.  King,  D.  Dettman  and  R. 

Dol linger,  St.  U.  of  NY  at  Buffalo.*  --  Four  different 
Metal  Plasma  Arc  Switches  (MPAS)  which  are  characterized 
by  a  high  burning  arc  voltage  (100  V  -  10  kV)  and  con¬ 
trollability  have  been  developed  recently.  (These  oper¬ 
ating  characteristics  are  quite  different  from  those  of 
standard  vacuum  arcs.)  Measurements  have  been  done 
[1 ,2,3,4]  to  determine  the  cause  of  the  high  voltage  and 
the  results  show  that  all  MPAS  devices  rely  on  the  de¬ 
velopment  of  an  anode  sheath  for  proper  operation.  The 
device  physics  and  the  external  circuitry  were  found  to 
be  interdependent  primarily  because  the  plasma  density 
at  the  plasma  sheath  boundary  is  related  to  current  and 
the  sheath  thickness  is  related  to  voltage. 

*Supported  by  Electric  Power  Research  Institute  (EPRI) 
and  in  part  by  Sandia  Laboratories 

^Dollinger,  ,  EPRI  Final  Report  EL-1947,  1981  and  Final 
^Report  of  Research  Project  RP-993-3  (1983). 

Rimblin,  ,  Phase  1:  EPRI  EL-393,  1977;  Phase  2:  EL-1221, 
.,1979  and  Phase  3:  Final  Report  of  RP-564  (1982). 
^Dethlefsen,  ,  Gould-Brown  Boveri ,  ERPI  EL-1187,  1979. 
4Burrage,  ,  McGraw  Edison  Co.,  EPRI  EL-2266,  1982. 


Bouncing  Expansion  of  the  Cathodic  Plasma  in 
Vacuum  along  the  Transverse  Applied  B.  Field.  M . G . DROUET 
and  J.L.  MEUNIER,  IREQ,  Varennes,  JOL  2PO,  Canada. 

As  predicted,  the  cathodic  plasma  is  found  not  only  to 
expand  in  the  cathode  plane,  along  the  magnetic  field 
lines^,  but  also  to  bounce  against  the  field. ^  For  an 
arc  of  100  A  burning  in  vacuum  between  tungsten  elec-  ^ 
trodes  and  with  an  applied  magnetic  field  of  8.5  x  10  T, 
the  bouncing  period  is  approximately  12  ys. 

^M.G.  Drouet,  "The  Physics  of  the  Retrograde  Motion  of 
the  Electric  Arc,"  Jap.  J.  Appl.  Phys.  20^,  1027-36 
(1981). 

2 

D.K.  Bhadra,  "Expansion  of  a  Resistive  Plasmoid  in  a 
Magnetic  Field,"  Phys.  Fluids  234-39  (1968). 
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BA- 5  Experimental  Study  of  Arc  Spot  Motion  on  a  Con¬ 

ical  Cathode  —  H.P.  MERCURE,  R.  RAJOTTE  and  M.G.  DR0UE1 
IREQ,  Varennes,  Canada. —  This  paper  describes  an  ex¬ 
perimental  study  of  the  motion  of  low-pressure-arc 
spots  on  a  coninal  cathode  in  a  strong  axial  magnetic 
field.  The  varying  parameters  include  arc  current, 
magnetic  field  intensity,  background  pressure  and  cone 
tip  angle.  The  main  experiment  is  conducted  in  a 
cylindrical  glass  vessel  with  a  coaxially  symmetric 
magnetic  field  (up  to  1  T)  using  a  pulsed  arc  current 
(up  to  10  kA)  in  3  Torr  of  helium. 

Uniform,  quite  reproducible,  spiral  patterns  are  gener¬ 
ated  at  the  surface  of  the  conical  cathode,  and  the 
geometrical  elements  of  these  arc  spot  patterns  are 
collerelated  with  the  varying  physical  parameters. 

A  companion  experiment  will  also  be  described  in  order 
to  illustrate  our  interpretation  of  this  peculiar  arc 
spot  behavior  in  which  the  resultant  motion  of  the 
spots  occurs  in  neither  the  I  x  B  nor  the  -I  x  B 
direction. 


Anode  Fall  Measurements  in  High  Intensity  Arcs  - 
N.  SANDERS  and  E.  PFENDER,  U .  of  Minnesota* — Potential 
probes  passing  through  the  surface  of  a  water  cooled  flat 
anode  have  been  used  for  measuring  anode  falls  in  high 
intensity,  atmospheric  pressure,  argon  arcs  with  differ¬ 
ent  arc  configurations.  For  arc  currents  from  100  to 
250  A,  the  anode  falls  are  negative  ranging  from  -2.08  V 
to  -1.36  V.  These  results  are  contrary  to  previous 
findings,  but  they  are  in  agreement  with  recent  analy¬ 
tical  predictions  [1].  Electron  temperatures  in  front 
of  the  anode,  derived  from  probe  characteristics,  range 
from  8,800  to  9,800  K.  These  electron  temperatures  are 
used  in  conjunction  with  measured  floating  potentials  to 
determine  local  values  of  the  space  potential.  Spectro- 
metnc  measurements  of  LTE  temperatures  close  to  the 
anode  (1  rrtn  distance)  compare  favorably  with  the  probe 
measurements.  All  the  results  are  consistent  with  calor¬ 
imetric  energy  balances  based  on  a  revised  anode  heat 
transfer  model  which  takes  negative  anode  falls  into  ac¬ 
count  [  1  ] . 

’'-Supported  by  NSF  under  grant  NSF/CPE  8008950. 

^H.A.  Dinulescu  and  E.  Pfender,  J.  Appl.  Phys.  51  (6), 
3149  (1980) . 
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BA- 7  Study  of  a  Free-Burning  High  Intensity  Argon  Arc- 
K.  ETEMADI,  K.C.  HSU  and  E.  PFENDER,  U.  of  Minnesota*— 
Although  the  high  intensity,  free-buming  argon  arc  has 
been  the  object  of  many  studies,  modeling  of  the  entire 
arc  has  been  precluded  because  of  the  lack  of  realistic 
boundary  conditions,  in  particular,  close  to  the  cathode. 
For  establishing  the  most  crucial  boundary  condition 
which  is  the  current  density  close  to  the  cathode,  the 
maximum  current  density  has  been  determined  experimental¬ 
ly  by  measuring  the  size  of  the  molten  cathode  tip  (thor- 
iated  tungsten)  for  a  given  arc  current.  Calculated  tem¬ 
perature  profiles  for  a  200  A  atmospheric  pressure  argon 
arc  (electrode  gap  of  1  am)  are  in  good  agreement  with 
spectrometric  measurements  based  on  absolute  line  and 
continuum  intensities.  The  arc  current  and  arc  current 
distribution  are  not  only  responsible  for  the  temperature 
distribution  in  the  arc,  but  also  for  the  MHD  pumping  ac¬ 
tion  in  the  cathode  region,  i.e.  the  arc  behavior  is  main¬ 
ly  controlled  by  the  current.  In  contrast  to  the  sensi¬ 
tivity  of  the  current  density  boundary  condition  on  the 
results,  the  calculations  show  that  variations  of  the 
boundary  condition  for  the  flow  field  are  insignificant. 

-'Supported  by  NSF  under  grant  NSF/CPE  8008950 


dH-o  Comments  on  Applications  of  One-Dimensional  Mod¬ 
els  to  Steady-State  and  Dynamic  Arc  Plasmas  -  S . S .  AHMED 
and  D.M.BENENS0N,  State  U.  of  New  York  at  Buffalo  and 
D.T.  TUMA,  Carnegie -Mellon  U.* — The  formulation  of  the 
one-dimensional  model,  e.g.,  that  of  Turna^,  includes,  as 
inputs,  the  net  radiation  emission  coefficient  and  the 
pressure  distribution,  as  well  as  parameters  relating  to 
the  temperature  and  flow  fields.  The  effects  of  various 
representations  of  these  inputs  and  parameters  upon  tem¬ 
perature,  arc  size,  arc  resistance,  electric  field,  and 
flow  field  are  discussed.  Both  steady-state  and  dynamic 
operation  are  considered  for  the  dual  flow  configuration. 
In  the  steady-state:  upstream  of  the  nozzle  throat,  the 
results  were  strongly  dependent  upon  the  representation 
of  the  inputs  (e.g.,  at  the  stagnation  point,  the  temper¬ 
ature  could  take  on  values  in  the  range  from  17,500K  to 
27,OOOK).  Downstream  of  the  throat,  the  solutions  were 
relatively  independent  of  the  particular  representations. 
In  the  transient  [with  dl/dt = -  24A/us  prior  to  current 
zero  and  dV/dt  prescribed  after  current  zero] :  results 
(e.g.,  at  current  zero,  recovery  performance)  were  also 
nearly  independent  of  the  choice  of  representation. 
*Suppor ted  by  National  Science  Foundation  Grant  CPE8008101 . 
1D.T.  Tuma,  IEEE  PAS,  99,  2129(1980). 
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BA- 9  Physical  Mechanisms  of  Sliding  Discharges  at  the 
Surface  of  Moist  Polluted  Insulating  and/or  Semiconduct- 
ive  Surfaces  —  H.P.  MERCURE,  IREQ,  Varennes,  Canada. 

The  sudden  disruptive  event  characterized  by  the  steady 
elongation  of  a  weak  sliding  discharge  at  the  surface  of 
moist  polluted  insulating  materials  or  semiconductive 
layers  subjected  to  high  voltages  is  usually  referred 
to  as  contamination-induced  flashover. 

The  physical  mechanisms  responsible  for  the  elongation 
of  such  low-current  discharges  at  the  surface  of  an 
electrolyte,  for  instance,  are  explained  in  terms  of  a 
simple  model  based  on  experimental  observations.  These 
results  were  obtained  using  a  novel  probe  technique 
allowing  dynamic  monitoring  of  the  current  distribu¬ 
tion  in  the  root  of  the  discharge  as  it  progresses  along 
the  surface. 

A  look  at  the  so-called  stabilizing  nature  of  semicon- 
ductivc  glazes  proposed  for  high-voltage  insulators  is 
of  particular  interest  to  power  utilities  concerned 
with  the  reduction  of  contamination-induced  flashovers. 
Cases  involving  clean  semiconductive  layers  will  also 
be  presented.  The  various  results  will  be  discussed  and 
compared  with  other  experimental  and  theoretical  studies 
published  recently. 


31 


SESSION  BB 

10:30  a,m,  ,  Tuesday.,  October  19,  1982 


LASERS 


Chairperson: 


J,  G.  Eden 

University  of  Illinois 


33 


BB-1  Efficient  Discharge  Excitation  of  an  X-Ray 
PreionizeO'eCl  Laser  -  DTETROTHE.  J.I.'  LEVATTER. 
t.  PETACH,  C.  WALLACE  &  R.  SANDSTROM,  Helionetics,  Inc.  - 
The  transfer  of  electric  energy  from  the  pulse-forming 
network  (PFN)  to  the  laser  medium  is  complicated  by  the 
dynamic  nature  of  the  electric  discharge  in  the  high- 
pressure  gas  mixture.  Primary  considerations  are:  the 
finite  avalanche  formation  rate  as  a  function  of  over¬ 
voltage,  impedance  and  voltage  matching  considerations, 
discharge  instabilities  and  the  stabilizing  effects  of 
the  PFN.  The  problems  and  physical  principles  which 
prevent  complete  energy  transfer  have  been  identified. 

By  properly  shaping  the  excitation  pulse,  it  should  be 
possible  to  reach  energy  efficiencies  close  to  the 
measured  power  efficiencies  of  5%.  Other  effects  which 
limit  laser  efficiency  are  also  discussed  (e.g.  build¬ 
up  of  absorbing  species  which  reduce  the  optical 
extraction  efficiency). 


Supported  by  ONR  Contract  N00014-82-C-0087 


BB-2  Measurement  of  the  Threshold  X-Ray  Flux  for 
Preionizinq  an  XeC)  Laser  -  C.R.  TALLMAN,  and  IRVING  J. 
BIGIO,  Los  Alamos  National  Laboratory*--Using  a  hot 
cathode  x-ray  source  we  have  determined  that  the 
discharge  of  a  large  volume  (250  cm^)  XeCl  laser  can  be 
effectively  stabilized  with  as  little  as  0.1  mRad  of 
x-rays  in  the  energy  range  20-40  kV.  The  laser  operated 
at  4  atmospheres  total  gas  pressure,  with  an  electrode 
gap  of  4  cm  and  a  discharge  voltage  of  M50  kV.  The 
delay  between  the  50  nc  x-ray  pulse  and  the  onset  of  the 
voltage  rise  at  the  discharge  electrodes  could  be  varied 
from  0-200  ns  with  little  effect  on  the  laser  output. 

The  laser's  volumetric  efficiency  was  5  J/£ .  The  same 
laser  produced  35%  less  energy  when  operated  with  uv 
preionization.  The  measured  threshold  indicates  that 
excimer  lasers  can  be  operated  with  an  energy  for  the 
preionizer  only  0.2%  that  of  the  stored  energy  for  the 
main  discharge. 

*Work  performed  under  the  auspices  of  the  U.  S.  Dept,  of 
Energy. 
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BB-3  stimulated  emission  from  radiative  collisions  in 

HE-Np-  *  L.W.  Downes,  S.D.  Marcum  and  W.E.  Wells,  Miami 
University,  Oxford  OH  and  K.Y.  Tang  and  R.A.  Tilton, 
Western  Research  Corporation,  San  Diego  CA. 

A  high  pressure  He-N2  plasma  has  been  studied  during  the 
interaction  of  a  ~1 00  kW/cm2  pulsed  dye  LASER  at  3538  A. 
Stimulated  emission  from  the  radiative  collision1’2, 

'  He(23S)  +  N2  +  [M2 (B,v=4,5)  ->  N2R(X, v=3,4)+  hw]  +He(l1S), 

where  R  refers  to  a  highly  excited  Rydberg  state,  has 
modulated  the  metastable  density,  [He(23S].  The  [He ( 2 3S ) 3 
has  been  depressed  by  approximately  30%.  This  result  is 
in  agreement  with  previous  work.2’* 

*This  work  supported  by  DARPA  through  ONR. 

1.  L. Gudzenko  and  L. I . Yakovlenko,  Sov.  Phys.  JETP  35,  877 
(1972). 

2.  L.W. Downes,  S.D. Marcum,  R.A. Tilton  and  W.E. Wells,  Phys. 
Rev.  A  25,  1798(1982). 

3.  L.W. Downes,  S.D. Marcum,  P. A. Tilton  and  W.E. Wells, 

Optics  Letters  7^,22(1982). 


BB-4  Enhanced  HgBr  (B  £  -» X  E  )  Emission  - 
W.  P.  LAPATOVICH,  G.  R.  GIBBS,  and  J.  M.  PROUD,  GTS 
Laboratories,  Inc. — We  have  examined  the  spectral  out¬ 
put  of  microwave  driven  (915  MHz),  low  pressure  (2  to 
4  torr) ,  diffuse  discharges  containing  HgBr2  and  various 
buffer  vapors.  The  integrated  power  emitted  in  the 
spectral  range  between  374  and  543  nm  due  to  B2E+-*X2E  + 
transitions  in  Hg  3r  was  recorded  by  means  of  an  optical 
multichannel  analyzer  system.  When  mixtures  of  N2  and 
12  vapor  are  added  to  the  HgBr2  discharges,  ah  increase 
in  B-+X  radiated  power  is  observed.  The  excess  popula¬ 
tion  of  neutral  HgBr2  interacts  with  N2 (A)  and  atomic 
iodine  photons  at  206.2  nm.  Nearly  resonant  electronic 
energy  transfer  collisions  and  photodissociative  exci¬ 
tation  of  the  dihalide  occur  to  produce  additional  B 
state  population.  The  enhanced  emission  is  two  orders 
of  magnitude  more  intense  than  that  observed  with  pure 
neon  as  a  buffer  at  145°c  (vl.6  torr  HgB^)  • 
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~~‘~J  Kinetic  Studi es_  of  the  Triatomic  Excimer  Xep B r  - ■ 
R.A.  Williams,  W.  L.  Wilson,  R.  Sauerbrey,  and  F.K.— 
Tittel,  Rice  U.* --Formation  and  quenching  processes,  as 
well  as  the  optical  emission  characteristics  of  Xe2Br*, 
centered  at  440  -  30  nm  were  investigated  for  electron 
beam  pumped  mixtures  of  argon,  xenon  and  several  dif¬ 
ferent  fcromine  donors.  Three-body  colli  si onal  quenching 
of  XeBr  was  identified  as  the  primary  formation 
mechani sm^for  the  triatomic  species.  Quenching  rates 
for  Xe?Br*  and  XeBr*  were  measured  and  the  Xe^Br* 
radiative  lifetime  was  determined  to  be  245  +^30  ns. 


^Supported  by  ONR  and  Robert  A.  Welch  Foundation 


BB-6  FI ashl amp-Pumped  Iodine  Monobromide  Lasing  Char- 
acter i sties  ~  T!  T!  ZAPATA*,  Miami  DT^  and  R.  J7 
DEYOUNG,  NASA  Langley  Res.  Center  --  Xenon  flashlamp 
energies  of  100-1500  J  were  used  to  photodissociate  IBr 
resulting  in  lasing  of  Br  at  2.7  urn.  Quenching  of 
Br ( P i/ 2)  by  1 2  and  Br2  is  severe  and  thus  IBr  must  be 
highly  purified  before  use.  Peak  lasing  output  of 
350  W/cm2  was  achieved  at  12  Torr  IBr  with  750  J  flash- 
lamp  energy.  Neon  was  found  to  be  the  most  effective 
buffer,  producing  long  pulse  (50  usee)  lasing  by  enhanc¬ 
ing  the  recombination  of  the  photodissociation  products 
determined  by  transient  absorption  spectroscopy.  With 
static-fill  IBr,  lasing  is  limited  to  50  usee  by  buildup 
of  atomic  I  and  Br2  quenchers;  thus  for  continuous 
operation,  gas  flow  is  mandatory.  A  gain  under  optimum 
conditions  of  0.17%  cm-1  was  measured.  Gas  heating 
decreased  lasing  output.  At  300°C,  output  dropped  to 
one-third  the  room  temperature  value.  Time-dependent 
absorption  measurements  with  an  A r+  laser  have  correla¬ 
ted  the  rise  of  I2  density  with  the  decrease  in  IBr  las¬ 
ing.  The  technique  also  yields  recombination  coeffici¬ 
ents  for  the  products  of  photodissociation.  The  recom¬ 
bination  rate  for  pure  IBr  takes  place  in  20  msec.  When 
Ne  buffer  is  added,  this  time  is  reduced  to  20  usee. 
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RR.7Electron  Superelastic  Efficiency  Loss  in  TE  Lasers 

-  J.  MELLIS  and  A.L.S.  SMITH,  Strathclyde  U..  Scotland* 

-  Boltzmann  models  of  the  C02-N2-He  electrical  discharge 
system1  usually  predict  that,  with  optimum  E/N,  50  to 
80%  of  the  input  energy  is  used  usefully  in  N2  and  C02 
(V3)  vibrational  excitation.  Thus,  allowing  for  the 
quantum  efficiency,  20  to  33%  of  the  discharge  energy 
should  be  available  as  radiation  output.  We  have  adapted 
our  vibrational  kinetics  model2  to  study  vibrational 
temperatures  and  stored  energy  in  TE  laser  pulsed 
discharges  and  find  a  serious  deterioration  in  laser 
efficiency  with  increasing  input  energy,  caused  by 
electron  superelastic  losses  during  the  excitation  pulse: 
an  effect  which  should  also  be  important  in  many  other 
pulsed  gas  laser  systems.  Experimental  observations 
support  the  calculated  vibrational  temperatures  and 
likewise  our  predicted  8-12%  radiation  yield  efficiency 
at  optimum  excitation  is  in  good  agreement  with  the 
values  realised  in  working  lasers. 

*  Work  supported  by  British  Aerospace. 

1  J.J.  Lowke,  A.V.  Phelps  and  B.W.  Irwin,  J.  Appl.  Phys. 
44,  4664  (1973). 

2  J.  Mellis  and  A.L.S.  Smith,  Opt.  Commun.  4^1,  121  (1982). 


BB-8  Effects  of  Diffusion  on  Characteristics  of  CW  CO2 
Laser  Discharges.  GERALD  L.  R0G0FF,  Westinghouse  R&D 
Center — In  order  to  clarify  when  electron  loss  by  diffu¬ 
sion  is  important  in  steady-state  CO2  laser  discharges, 
we  have  calculated  V-I  characteristics  of  positive  col¬ 
umns  in  1:7:20  C02’.N2:He  mixtures  at  pressures  >10  Torr. 
The  calculations  are  based  on  an  approximate  electron 
continuity  equation  that  includes  effects  of  ambipolar 
diffusion,  one-step  electron-impact  ionization,  attach¬ 
ment,  detachment,  and  recombination.  E/N  vs  I  relation¬ 
ships  are  obtained  from  a  generalized  discharge  analysis1 
which  also  gives  a  measure  of  the  shape  of  the  electron 
density  profile.  Results  for  a  6  cm  diameter  tube  and  a 
current  density  range  given  by  10“^^< j /N <10-^^  A  cm 
indicate  that  with  little  detachment,  E/N  values  with  and 
without  diffusion  differ  by  less  than  a  few  percent  if 
the  pressure  is  >50  Torr.  With  strong  detachment  the 
same  difference  requires  about  300  Torr.  The  density 
profile,  which  depends  on  the  relative  strengths  of  re¬ 
combination  and  diffusion,  remains  relatively  nonuniform 
for  I  less  than  about  400  mA  for  the  50  Torr  case  and  for 
I  less  than  about  30  mA  for  the  300  Torr  case. 

lC.  L.  Rogoff,  J.  Appl.  Phys.  50,  6806  (1979);  5J.,  3144 
(1980)  . 
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CA-1  Spectroscopic  Determination  of  Operating  Pressure 

in  Metal  Halide  Arcs  -  W.M.  KEEFFE  and  H.L.  ROTHWELL,  GTE 
LIGHTING  PRODUCTS,  Sylvania  Lighting  Center  —  We  have 
studied  the  use  of  van  der  Waals  and  resonance  interact¬ 
ions  on  the  resonance  lines  of  Na  and  Hg  to  determine  the 
operating  pressure  of  wall  stabilized  60  Hz  LTE  arcs  con¬ 
taining  mercury  and  metal  halide  additives  such  as  Nal 
and  Using  a  well  defined  cylindrical  arc  vessel 

and  a  known  mercury  dosage  the  spectroscopically  deter¬ 
mined  pressures  were  within  20$  of  equation  of  state  cal¬ 
culations.  Accurate  radial  arc  temperature  profiles  out 
to  a  reduced  radius  of  .75  and  thenno-chemical  calcula¬ 
tions  to  determine  the  depletion  of  atomic  neutrals  by 
molecular  formation  were  found  necessary  in  order  to 
establish  a  self-consistent  method.  Application  to  ver¬ 
tical  arcs  with  axial  core  temperature  gradients  (4300  to 
5900°K)  demonstrates  axial  pressure  commutation  to  within 
10$. 

1  H.L.  Rothwell  and  W.  M.  Keeffe  ,  34th  GEC  (Boston,  1981) 

2  D.  Karaboumiotis  and  J.J.  Damelincourt ,  J.  Appl.  Phys. 

53,  2965  (1982). 


CA-2  Geometry-Dependent  Net  Emission  Coefficients  For 
Modeling  High  Pressure  Radiative  Arcs  -  R.J.  ZOLLWEG, 

Westinghouse  R&D  Center — Temperature  profiles  and  the 
radiative,  conductive  and  convective  properties  of  high 
pressure  arcs  can  be  reliably  described  in  the  LTE  appro¬ 
ximation  when  the  material  transport  properties  and 
boundary  conditions  are  known.  The  net  radiation  emis¬ 
sion  coefficient  is  a  particularly  difficult  property 
since  it  depends  upon  the  radiance  of  the  whole  arc. 

"Exact"  net  emission  coefficients  have  usually  been  cal¬ 
culated  with  a  complex  five-fold  integral  formulation 
appropriate  for  the  center  of  an  infinite  cylinder  of 
specific  radius  and  power.  Such  results  are  not  appro¬ 
priate  for  arcs  of  different  power,  wall  radius,  with 
spacial  composition  variations  or  for  the  electrode  ter¬ 
mination  region.  By  taking  advantage  of  unique  proper¬ 
ties  o£  collision-broadened  spectra  and  imprisonment 
theory  ,  the  local  volume  properties  can  be  separated 
from  the  integrated  column  radiation  and  good  approximate 
net  emission  coefficients  obtained,  even  for  arcs  with 
numerous  optically  thick  spectral  lines.  Applications  to 
modeling  the  electrode  termination  of  the  high  pressure 
mercury  arc  will  be  presented. 

^F.E.  Irons,  J .Quant . Spec t . Rad iat . Transfer  22,1, (1979)  . 
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3  Time  Dependent  Behaviour  of  the  Contraction 
Region  of  High  Pressure  Mercury  Lamps  - 
R.  SCHAFER  and  H.P.  STORMBEkG,  Phil ips  GmbH  Forschungsla- 
bor  Aachen/Germany. --High  pressure  mercury  lamps  were- 
operated  on  a  periodically  pulsed  supply  voltage.  From 
optically  thin  mercury  line  emission  the  variation  of  the 
axial  arc  temperature  profile  during  an  a.c.  cycle  has 
been  determined.  It  is  found  that  the  time  dependence  of 
the  arc  temperature  changes  strongly  along  the  discharge 
axis.  The  temporal  variation  of  the  temperature  of  the 
hot  spots  in  the  contraction  region^  in  front  of  cathode 
and  anode  is  appreciably  higher  than  the  column  tempera¬ 
ture  fluctuation.  From  the  measured  radial  arc  tempera¬ 
ture  profiles  the  time  dependent  arc  conductance  per  unit 
length  has  been  calculated.  The  results  show  that  a  sig¬ 
nificant  part  of  the  integral  arc  conductance  decay  dur¬ 
ing  the  current  off  periods  is  caused  by  the  contraction 
regions,  whereas  in  the  current  on  periods  the  arc  con¬ 
ductance  is  mainly  determined  by  the  arc  column. 

1G.  Ecker,  Z.  Physik  132,  248  (1952) 


CA-4 

The  Effect  of  Wall  Temperature  on  Sodium 
D-Line  Radiation  in  the  High  Pressure  Sodium  Arc  - 
RICHARD  P,  GILLIARD  and  JOHN  H.  INGOLD,  General 
Electric  Co.,  Cleveland,  OH  —  The  resonance  radiation 
output  of  the  high  pressure  sodium  arc  is  strongly 
affected  by  the  number  density  of  unexcited  sodium 
atoms  near  the  wall  of  the  arc  chamber.  This  quantity 
in  turn  is  affected  by  the  arc  temperature  profile 
which  is  dependent  upon  wall  temperature.  The 
significance  of  wall  temperature  change  as  reported  in 
the  literature,  varies  widely.  A  new  experimental 
determination  of  the  relationship  between  wall 
temperature  and  sodium  D-line  radiation  efficiency  of 
the  high  pressure  sodium  arc  at  constant  power  and 
sodium  pressure  was  made.  Wall  temperature  changes 
were  brought  about,  independent  of  sodium  pressure  and 
arc  power,  by  varying  heat  loss  from  the  wall.  Arc 
spectral  power  distributions  were  measured  for  varying 
wall  temperatures  which  were  determined  by  infrared 
pyrometry.  The  experimental  results,  which  show  an 
increase  in  sodium  resonance  radiation  of  4%±1%  per 
100°K  increase  in  wall  temperature,  were  compared  to 
results  predicted  by  a  theoretical  model  of  the  high 
pressure  sodium  arc. 


CA-5  Radiant  Efficiency  of  Large  Bore  Flashlamps  - 
L.  P.  BRADLEY,  A.  E.  OREL,  and  H.  T.  POWELL,  Lawrence 
Livermore  National  Laboratory* — We  have  measured  the 
overall  radiant  efficiency  of  flashlamps  with  arc 
diameters  from  1.0  to  2.7  cm,  with  pulselengths  from 
0.2  to  1.4  ms,  and  with  input  energies  up  to  60%  of  the 
explosion  limit.  Diagnostics  include  wall  temperature 
rise,  "black  box"  calorimetry,  and  pyroelectric 
detector  measurements  of  radiated  power.  Modeling  has 
determined  the  role  of  collisional  energy  loss  to  the 
wall  and  optical  absorption  by  the  envelope  material. 


*Work  supported  by  the  U.  S.  Department  of  Energy  under 
contract  number  W-7405-ENG-48 . 


CA-6  Neodymium  Pumping  Efficiency  of  Large  Bore 
Flashlamps  -  L.  F!  &RADLEY ,  A .  E .  OREL ,  and  ft .  T". 

POWELL ,  Lawrence  Livermore  National  Laboratory*  — We 
have  measured  the  Nd:glass  pumping  efficiencies  of 
flashlamps  with  arc  diameters  ranging  from  1.0  to  2.7 
cm,  with  pulselengths  from  0.2  to  1.4  ms,  and  with 
input  energies  up  to  60%  of  the  explosion  limit.  The 
difference  in  pumping  efficiency  versus  input  energy 
for  open  lamps  and  for  lamps  in  a  reflective  cavity  has 
been  addressed.  The  measurements  have  been  compared  to 
simple  models. 


*Work  supported  by  the  U.  S.  Department  of  Energy  under 
contract  number  W-7405-ENG-48 . 
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CA-7  Laser  Induced  Fluorescence  Imaging  of  Electrode 
Vapor  in  a  Spark  Gap  Switch-R.A.  DOUGAL,  P.F.  WILLIAMS, 
D.C.  PEASE,  Texas  Tech* — Time-resolved  two-dimensional 
pictures  of  the  migration  of  metal  vapor  eroded  from  alu¬ 
minum  electrodes  in  a  laser  triggered  spark  gap  switch 
have  been  obtained  using  a  new  technique  based  on  laser- 
induced  fluorescence.  A  1  ps,  unipolar,  square-wave  dis- 
i  charge  was  produced  in  a  5  mm  gap  filled  with  700  torr 

N2  triggered  by  a  1.06p  NdrYAG  laser.  Electrode  material 
vaporized  during  the  discharge  was  excited  from  ground 
state  OP^Pi^0)  to  an  upper  state  (AS^Si^)  with  a  394.4  nm 
dye  laser  probe,  resulting  in  fluorescence  at  394.4  and 
396.1  nm.  The  fluorescence  was  imaged  through  a  400  ±5 
nm  bandpass  filter  onto  a  gated  SIT  vidicon  detector. 

The  aluminum  vapor  is  shown  to  jet  from  the  electrodes, 
and  then  dissipate  after  about  300  ps. 

*Supported  by  AFOSR  Contract  No.  F49620-79-0191 . 


CA-8  Plasma  Processes  in  Hydrogen 

Thyratrons  J.A.  KHNC ,  S .  GUHA ,  H ,  COTTF. ,  and 

M.A.  GIJNDERSEN  Univ.  of  Southern  California*-- 
An  analysis  of  the  plasma  occurring  in  hydrogen 
thyratrons,  where  neutral  densities  are  of  the 
order  1-2x10^6  cm"^  and  electron  densities  are 
of  the  order  10^  cm"^,  during  the  conductive 
phase,  is  presented.  Plasma  parameters  were 
obtained  from  spectral  emission  data  and  a 
theoretical  analysis  of  kinetic  processes. 

The  electron  energy  distribution  function, 
the  degree  of  hydrogen  dissociation,  and  other 
processes  are  considered. 


*Supported  by  the  AP.O,  AFOSR  and  the  DOE. 
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Enhancement  of  Charge-Transfer  Reaction  Rate  Con¬ 
stants  by  Ion  Vibrational  Excitation.  M.  DURUP-FERGUSON , 
H.  BEHRINGER,  D.  W.  FAHEY,  and  E.  E.  FERGUSON,  Aeronomy 
Laboratory,  NOAA,  Boulder,  CO  80303.  A  number  of  molecu- 
lar  ion  charge-transfer  reactions  with  neutral  molecules 
have  been  studied  in  a  flow-drift  system  as  a  function  of 
average  kinetic  energy  from  thermal  to  ^leV.  Varying  the 
buffer  gas  gives  an  independent  control  of  the  vibration¬ 
al  temperature  of  the  ions.  No  vibrational  excitation 
has  been  found  for  any  of  the  ions  in  helium  buffer  gas 
while  extensive  vibrational  excitation  has  been  found  for 
Ne  and  Ar  buffer  gases  at  kinetic  energies  above  the  vi¬ 
brational  excitation  threshhold. 

The  reactions  measured  include  charge-transfer  of  CC>2 
ions  with  O2  and  NO  and  N20+,  SO^#  ^0"*"  and  NOj  ions  with 
NO.  In  every  case  the  reaction  rate  constant  is  greatly 
enhanced  by  vibrational  excitation  of  the  ion.  The  vibra¬ 
tional  enhancement  has  an  onset  near  the  lowest  frequency 
bending  mode  vibrational  energy.  The  reactions  proceed 
via  long-lived  complexes  at  low  energy  and  via  a  direct 
process  at  higher  energies.  A  detailed  analysis  of  the 
dependence  of  rate  constant  separately  on  translational 
and  vibrational  energy  indicates  that  the  vibrational  en¬ 
hancement  occurs  in  an  energy  regime  in  which  a  long- 
lived  complex  reaction  mechanism  is  operative. 


CB-2  Vibrational  Relaxation  of  Molecular  Ions  by  low 
Energy  ( < leV)  Collisions.  E.E.  FERGUSON,  M.  DURUP- 
FERGUSON,  H.  BOHRINGER,  and  D.W.  FAHEY,  Aeronomy  Labora¬ 
tory,  NOAA,  Boulder,  CO. — The  enhancement  of  ion-neutral 
reaction  rate  constants  by  vibrational  excitation  of 
ions  using  a  flow-drift  tube  apparatus  with  various  buf¬ 
fer  gases  has  been  used  as  a  probe  to  study  ion  vibra¬ 
tional  excitation  and  relaxation.  It  is  found  that  the 
ions  0^,  Coj,  and  ^0*  are  not  vibrationally  excited  in 
^10J  collisions  with  He  at  energies  several  times 
greater  than  vibrational  energies  of  the  ions.  These 
ions  are  fully  vibrationally  excited  in  M.03  collisions 
with  Ne  or  Ar  at  energies  only  slightly  above  threshhold. 
The  ions  are  relaxed  very  efficiently  by  charge-transfer 
with  their  parent  neutral  in  every  case,  at  near  the 
collision  rate.  The  O^Cv  =  1)  ion  is  collisjonally 
deexcited  with  a  rate  constant  n^ar  10”^  cmJ  s-^  by  Ar 
at  near  thermal  energies.  The  O2  ions  are  less  effici¬ 
ently  vibrationally  excited  by  N2  than  by  Ar  and  more 
efficiently  deexcited  as  a  consequence  of  vibrational 
excitation  of  neutral  N2  as  a  competitive  process  in 
®2  -  N2  collisions.  The  potential  range  of  applica¬ 
bility  of  this  new  technique  for  the  study  of  vibra¬ 
tional  excitation  and  deexcitation  appears  to  be  large. 
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CB-3  Electron  and  Ion  Collisions  with  CH4 ,  C?H6 , 
S1H4>  and  Si2H6  -  H.  CHATHAM,  D.  HILS,  R.  ROBERTSON 
and  A.  GALLAGHER,*  JILA,  Univ.  of  Colo.  &  NBS. — Elec¬ 
tron  collisional  ionization  cross  sections  of  CH4 , 
C2H6,  SiH4,  and  Si  2^  have  been  measured.  The  total 
ionization  cross  sections  as  well  as  the  product-ion 
distributions  will  be  reported.  Rate  coefficients  for 
charge-exchange  reactions  of  He+,  Ne+,  and  Ar+  with 
these  four  gases  have  also  been  measured  in  a  drift 
tube  as  a  function  of  E/P,  for  mean  ion  energies  typi¬ 
cally  of  0.03-1  eV.  Product  ion  distributions  have 
also  been  measured  for  these  reactions,  although  with 
considerable  uncertainty  in  some  cases  as  the  diffu¬ 
sion  corrections  for  the  product-ions  are  calculated 
using  assumed  mobilities.  The  total  charge-exchange 
rate  coefficients  are  within  a  factor  of  2  of  Langevin 
values,  with  the  exception  of  Ar+  +  SiH4  and  Si2Hg  for 
which  they  are  ~30  times  smaller  in  spite  of  >3  eV 
exothermicity.  These  cross  sections  and  rate  coeffi¬ 
cients  are  important  for  modeling  of  discharges  and 
ion-chemistry  in  these  gases. 

Work  supported  by  Solar  Energy  Research 
Institute,  Contract  No.  XJ-0-9053-1. 

*Staff  Member,  Quantum  Physics  Division,  NBS. 


CB-4  2+ 

Charge  Transfer  from  W?  to  Near-Thermal  0 

and  03+  Ions,  D.  A.  CHURCH  AND  IT  M.  HOLZSCHEITER, 

Texas  A&M  U.  --  Using  an  ion  storage  technique,  the 

rate  constants  for  charge  transfer  from  to  ion  gases 

2+  3+  c 

composed  of  0  and  0  were  measured.,  The  ions  were 

at  a  temperature  of  1.45(0.6)  x  104  K  and  2. 5(0. 6)  x 
104  K  respectively.  Studies  of  relaxation  of  the 
motional  degrees  of  freedom  by  pulsed  cyclotron  reson¬ 
ance  followed  by  axial  energy  transfer  aided  in  est¬ 
ablishing  the  thermal  properties  of  the  gas.  The 

o+ 

measured  rate  of  constants  are  k(0  ,H 2 )  =  1.7(0. 4)  x 

10'9  cm3/sec  and  k(03+,H9)  =  1.2(0. 3)  x  10  3  cm3/sec. 

.  2+ 

Evidence  for  metastable  level  effects  in  the  0 
interaction  will  be  discussed. 
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CB-5  Charge  Transfer  in  Ne  -Ne  Collisions  between  1 
and  100  eV  Impact  Energy.  S.  HAGMANN,  C.  L.  COCKE,  P. 
RICHARD,  A.  SKUTLARTZ,  Kansas  State  University  and  H. 
SCHMIDT-BOCKING,  Universi t5t  Frankfurt,  R.  SCHUCH,  ^ 
Universitat  Heidelberg. --We  have  used  the  0.5  MeV/u 
beam  of  the  KSU  FN  tandem  accelerator  to  produce  highly 
charged  low  velocity  Ne  recoil  ions..  It  has  been  shown 
through  spectroscopic  identification  that  these  ions 
with  energies  of  a  few  eV  and  charge  states  up  to  the 
one  electron  ion  may  in  a  secondary  collision  capture  an 
electron  into  an  excited  state  and  decay  subsequently  to 
the  ground  state.  We  have  now  investigated  the  velocity 
dependence  of  this  secondary  collision  process  for  ex¬ 
tremely  low  collision  velocities,  equivalent  to  1  to  100 
eV  impact  energy:  through  a  coincidence  between  the 
primary  projectile  scattered  under  a  certain  angle  and 
the  delayed  electron  from  the  excited  state  of  the  Ne 
ion  we  determine  kinematically  its  velocity.  We  will 
discuss  the  oscillations  appearing  in  the  transfer 
cross  sections. 

1)  R.  Mann,  F.  Folkmann,  H.  F.  Beyer,  J.  Phys.  B  J4_, 

1161  (1981). 

Supported  by  DOE,  Division  of  Chemical  Sciences. 
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Chemistry  of  Some  Negative  Cluster  Ions  of 
Atmospheric  Interest  -  H.  BOHRINGER,  D.W.  FAHEY,  AND  F.C. 
FEHSENFELD,  NOAA,  Aeronomy  Laboratory  --  Thermodynamical 
data  for  some  negative  cluster  ions  have  been  determined 
from  equilibrium  constant  measurements  in  a  flowing 
afterglow.  Specifically,  it  was  found  that  a  ligand  of 
bonds  significantly  stronger  to  negative  ions  than 

a  ligand  of  E^O  (for  example  D  (Cl  -^C^)  is  about  6.5 

kcal/mol  larger  than  D  (Cl  -H70)  and  also  about  0.5 

kcal/mol  larger  than  D  (Cl  -SO?)).  This  may  imply  that 

cluster  ions  exist  in  small  concentrations  in  the 

lower  atmosphere.  Chemical  reactions  other  than  simple 
ligand  switching  reactions  have  been  observed  for  negative 
H2O2  cluster  ions,  like  the  reaction  N07  d^O-,  +  S07  -*• 

HSO^  +  HNC^.  These  measurements  will  be  reported  and 

their  implication  for  the  chemistry  of  the  lower  atmo¬ 
sphere  will  be  discussed. 


Research  supported  by  the  Defense  Nuclear  Agency. 
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qd  7  Collision  Studies  of  Q~  Ions  With  H2  and  D2  - 
~  R.L.C.  WU,  Y.  ICHIKAWA,  AND  T.O.  TIERNAN ,  Wright 
State  Univ.,  Dayton,  Ohio  45435* — Excitation  functions 
for  the  reactions,  0"  +  H2  (D2  )->products  have  been  inves¬ 
tigated  extensively  utilizing  a  tandem  mass  spectrometer 
and  a  crossed  ion-molecular  beam  apparatus.  Reaction 
cross  sections  and  energy  thresholds  have  been  measured 
for  the  following  reaction  channels:  AE (eV) 

(H20  (D20)  +  e  (1)  -3.63 

OH"  (OD-)  +  H  (D)  (2)  -0.32 

H"(D")  +  OH  (OD)  (3)  +0.73 

The  results  demonstrated  that,  in  the  near-thermal  energy 
region,  reaction  (1)  is  the  dominant  reaction  channel, 
but  as  the  energy  of  the  system  increases,  reaction  (2) 
becomes  dominant,  and  reaction  (3)  also  becomes  signifi¬ 
cant.  The  cross  sections  for  both  processes  (2)  and  (3) 
attain  a  maximum  at  about  0.8  eV.  The  angular  and  ener¬ 
gy  distributions  of  the  products  from  reaction  (2)  have 
also  been  measured  in  the  relative  energy  range  0.6  - 
5  eV.  The  data  obtained  in  this  study  will  be  presented 
and  discussed  in  terms  of  understanding  the  microscopic 
mechanism  and  the  energy  surface  on  which  these  pro¬ 
cesses  c":cur. 

♦Supported  by  U.S.  DOE  contract  No.  DE-AC02-80ER-10668. 


CB-8  Drift  Tube  Energy  Transfer  Processes  of  N2+ 
Studied  with  Laser-Induced  Fluorescence  -  M.A.  DUNCAN 
and  S.  R.  LEONE,  JILA,  NBS  &  Univ.  Colo.,  and  Dept,  of 
Chem. ,  Univ.  of  Colo. — Internal  excitation  of  ions  in 
a  drift  field  has  previously  been  suggested  as  a  pos¬ 
sible  explanation  for  the  unusual  energy  dependence  of 
certain  ion-molecule  reaction  rates  measured  in  this 
environment.  This  question  has  subsequently  been  the 
topic  of  a  detailed  theoretical  study.  In  the  current 
work  the  translational  to  rotational  energy  transfer 
processes  of  drifted  N2  in  collisions  with  a  helium 
buffer  gas  are  observed  directly  using  laser-induced 
fluorescence.  The  final  rotational  state  distribution 
is  measured  as  a  function  of  E/N  using  the  X2£g+B2zJ, 
(0-0)  transitions  (~3900  A).  Over  the  E/N  range  of 
the  experiment  (0-30  Td) ,  the  rotational  state  distri¬ 
bution  is  well  characterized  by  a  single  Boltzmann 
temperature  corresponding  to  the  mean  center  of  mass 
collision  energy.  Over  the  same  E/N  range,  vibration¬ 
al  excitation  is  predicted  to  be  small  and  indeed  is 
not  observed.  Additional  experiments  are  now  under 
way  to  test  the  possibility  of  vibrational  excitation 
under  different  drift  tube  conditions  with  the  goal  of 
measuring  vibrational  deactivation  rates. 
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SESSION  D 

3:15  P1M1 j  Tuesday/  October  19,  1982 


WORKSHOP  ON  CHEMICAL  PROCESSES  IN  PLANETARY  ATMOSPHERES 

This  workshop  convenes  In  the  honor  and  presence  of  Professor 
Sir  David  Bates,  F.R.S.  His  imaginative  foresight  and  pioneering 
studies  laid  the  foundation  of  our  current  understanding  of  the  basic 
atomic  and  molecular  processes  controlling  the  colllsional  and  radia¬ 
tive  economy  of  the  atmospheres  of  the  earth  and  neighboring  planets. 
The  session  will  provide  an  overview  of  the  Increased  understanding 
of  such  fundamental  atomic  processes  as  a  result  of  the  flights  of  the 
Voyager,  Mariner  and  Pfoneer  spacecrafts  and  the  Atmospheric  Explorer 
Mission. 


Chairperson:  A,  Dalgarno 

Harvard  University 


PROCESSES  OBSERVED  AND  PROBLEMS  ENCOUNTERED  IN  ATMOSPHERES 
OF  VENUS  AND  MARS 

A,  I.  Stewart 

UPPER  ATMOSPHERE  PHYSICS  AND  CHEMISTRY  OF  THE  OUTER  PLANETS 

J.  C.  McConnell 

ESCAPE  OF  GASES  FROM  PLANETARY  ATMOSPHERES 

M,  B.  McElroy 

PROGRESS  IN  ATMOSPHERIC  CHEMISTRY  SINCE  THE  LAUNCH  OF  THE 
ATMOSPHERE  EXPLORER  SATELLITES 

W.  B.  Hanson  and  E.  L,  Breig 

GENERAL  DISCUSSION 
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9:00  a.m,,  Wednesday,,  October  20,  1982 


PHOTON  INTERACTIONS 


Chairperson:  P,  Vicharelli 

JILA/N.B.S,  &  Univ,  Colorado 


Optogalvanic  Spectroscopy  of  a  Hollow  Cathode 
Discharge  R.  SHUKER,  A.  BEN-AMAR  and  G.  EREZ 
Ben-Gurion  University  Beer-Sheva,  Israel. 

Several  spectroscopic  applications  of  the  optogalva- 
nic  effect  in  plasma  discharges  are  discussed.  This 
effect  is  utilized  by  us  in  investigating  population  inv¬ 
ersion  detection,  two  photon  and  optical  double  resonance 
and  Penning  ionization  spectroscopy.  We  use  neon  to  demo¬ 
nstrate  the  spectroscopic  uses  of  the  optogalvanic 
effect.  A  phenonenological  model  of  the  resulting  optoga¬ 
lvanic  signal  is  described  which  deals,  in  details,  with 
the  time  development  of  the  signal.  The  model  deals  with 
the  various  cases  encountered  in  the  optogalvanic  effect 
due  to  transitions  in  neon.  We  have  particularly  investi¬ 
gated  single  step  laser  excitation  of  the  3s-»sp  and  from 
the  3p  manifold  to  higher  levels  in  neon. 

We  will  demonstrate  experimental  results  of  measure¬ 
ment  of  inverted  population  on  the  3p-*3s  transitions. 

The  signal  relevant  to  uninverted  pupulation  will 
also  be  shown.  The  results  of  the  model  are  in  good 
agreement  with  the  experiments. 


EA-2  Experimental  and  Theoretical  Investigation  of 
Optogalvanic  Effects  in  the  Neon  Positive  Column  - 
D.  Doughty  and  J.  E.  Lawler,  U.  of  Wisconsin* — An  experi¬ 
mental  and  theoretical  investigation  of  the  594.5  nm 
optogalvanic  effect  in  the  Ne  positive  column  is  des¬ 
cribed.  The  effect  is  a  decrease  in  discharge  current 
(or  increase  in  discharge  voltage)  due  to  laser  induced 
depletion  of  metastable  atoms.  Absolute  measurements  of 
the  effect  per  unit  of  absorbed  laser  power  are  reported 
for  radius-pressure  products  of  0.1  cm-Torr  to  1.0  cm 
Torr  and  for  sustaining  direct  currents  of  1  to  16  mA. 

The  effect  is  modeled  in  this  regime  by  applying 
perturbation  theory  to  key  rate  equations. 1  The  model 
predictions  are  in  agreement  with  the  experimental 
measurements.  Associated  measurements  of  absolute 
metastable  densities  indicate  that  the  studied  regime 
covers  the  transition  from  a  discharge  sustained 
primarily  by  single  step  electron  impact  ionization  to 
a  discharge  sustained  primarily  by  two  step  ionization 
via  the  2p^3s  metastable  levels. 

"k 

Supported  by  the  Air  Force  Office  of  Scientific 
..Research  and  the  Army  Research  Office. 

J.  E.  Lawler,  Phys.  Rev.  A  22,  1025  (1980). 
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EA-3  Optogalvanic  Effects  in  the  Obstructed  Glow 
Discharge  -  J.  E.  Lawler  and  D.  Doughty,  U.  of  Wisconsin 
— The  obstructed  glow  discharge  occurs  between  plane 
parallel  electrodes  at  low  pressure.  It  corresponds  to 
operation  on  the  "left  side"  of  the  Paschen  curve  where 
the  breakdown  voltage  increases  with  decreasing  pressure 
We  observe  a  594.5  nm  optogalvanic  effect  in  a  Ne  dis¬ 
charge  at  1.0  Torr  with  a  1.0  cm  electrode  spacing  which 
is  75  times  larger  than  the  594.5  nm  effect  in  the  Ne 
positive  column.  The  effect  is  a  laser  induced  deple¬ 
tion  of  metastable  atoms  which  play  an  important  role  in 
electron  emission  from  a  cold  cathode.  Most  of  the  dis¬ 
charge  current  at  the  cathode  surface  is  carried  by  re¬ 
turning  ions  rather  than  emitted  electrons,  hence  the 
cathode  fall  region  provides  a  natural  gain  mechanism. 
Low  electron  concentrations  in  the  cathode  fall  region 
also  minimize  competition  between  inelastic  electron 
collisions  and  laser  photons.  The  absolute  size  of  a 
steady  state  optogalvanic  effect  is  characterized  by  a 
dimensionless  ratio  of  the  change  in  power  delivered  to 
the  load  resistor  over  the  absorbed  laser  power.  Ratios 
of  -400  are  observed  in  obstructed  glow  discharges. 
Application  of  the  effects  in  opening  switch  technology 
are  discussed. 

SuDDorted  bv  the  A.F.O.S.R.  and  the  A.R.O. 


EA-4  Multiphoton  Ionization  in  Xenon  and  Xenon-Nitro¬ 
gen  Mixtures-S .K.  DHALI  and  P.F.  WILLIAMS,  Texas  Tech* — 
We  studied  the  multiphoton  ionization  (MPI)  process  in 
xenon  and  xenon-nitrogen  mixtures  in  order  to  use  it  as 
a  controlled  source  of  charge  in  other  experiments  on 
fast  breakdown  of  under-volted  spark  gaps.  We  investi¬ 
gated  extensively  the  MPI  process  in  xenon  involving  a 
three-photon  transition  from  the  ground  state  to  a  5d 
level  followed  by  a  saturated,  one-photon,  ionizing 
transition.  In  all  regions  we  find  MPI  to  be  a  clean 
and  relatively  convenient  source  of  free  charge  for 
studies  of  charge  motion  in  electric  fields.  In  studies 
of  ionization  strength  as  a  function  of  laser  power,  we 
find  three  distinct  regions.  At  the  lowest  powers,  ion¬ 
ization  varies  as  the  cube  of  the  laser  power.  Starting 
at  a  power  of  ~3Kw  corresponding  to  a  total  charge  pro¬ 
duction  of  ~10®  electrons,  the  dependence  becomes 
approximately  quadratic,  due  to  the  onset  of  space- 
charge  effects.  Finally,  at  higher  powers  (~'30Kw)  cor¬ 
responding  to  a  total  charge  production  of  ~10^  elec¬ 
trons  the  dependence  becomes  roughly  linear.  We  believe 
this  final  saturation  effect  to  be  due  to  the  complete 
ionization  of  the  xenon  atoms  in  the  focal  volume  of  the 
laser . 

*Supported  by  AFOSR  Contract  No.  F49620-79-C-0191 . 
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Photodetachment  as  a  Control  Mechanism  for  Dif¬ 
fuse  Discharge  Switches-G.  SCHAEFER,  P.F.  WILLIAMS,  and 
K.H.  SCHOENBACH,  Texas  Tech*  and  J.  MOSELEY,  Univ.  of 
Oregon — We  report  the  results  of  experiments  designed  to 
test  the  suitability  of  photodet  chment  of  negative  ions 
as  an  optical  control  of  diffuse  discharges,  with  appli¬ 
cations  to  optically-controlled  switches.  We  observed 
significant  effects  on  He-02  and  Ar-02  glow  discharges 
and  flowing  afterglows  caused  by  photodetachment  of  0~ 
with  a  moderate  power,  pulsed  dye  laser.  The  dependence 
of  the  photodetachment  signal  on  laser  wavelength  and 
laser  fluence  are  consistent  with  the  known  photodetach¬ 
ment  cross  section  of  0“.  We  found  that  the  voltage 
across  the  discharge  (excluding  cathode  and  anode  falls) 
could  be  substantially  decreased  (50%)  with  laser  fluence 
above  a  moderate  threshold.  The  results  support  the 
optical  control  concept  for  diffuse  discharge  switches. 

*Work  supported  by  AFOSR  Contract  No.  F49620-79-C-0191. 


EA-6  Laser  Irradiation  of  Sodium  Vapor-.  Comparison 
of  Pulsed  and  cw  Experiments.  V.S.  KUSHAWAHA,  W.P. 
GARVER,  C.E.  BURKHAROT,  and  J.J.  LEVEffTHAL,  U.  of  TO0- 
St.  Pauls — Effects  produced  by  cw  and  pulsed  dye  laser 
Irradiation  of  Sodium  vapor  have  been  Investigated  at 
low  density  (~  1013  atom  cm”3  and  10n  dimer/ cm-3) . 
Strikingly  different  results  were  obtained.  Fbr 
example,  pulsed  laser  light  at  6000A  produces  Ma2+  Ions 
and  D-line  radiation,  however,  neither  are  detected  with 
6000 A  cw  laser  light.  The  Ions  probably  result  from 
resonance  enhanced  3-photon  Ionization  of  Na2>  while  the 
D-line  is  indicative  of  Na2(A)/Na(3s)  excitation 
transfer.  These  observations  illustrate  the  difficulty 
In  comparing  results  of  experiments  using  cw  and  pulsed 
lasers. 
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Branching  Ratio  Measurements  Relevant  to  the 
Interpretation  of  Voyager  Euv  Spectra  -  M.  D.  MORRISON 
and  A.  J.  CUNNINGHAM,  Univ.  of  Texas  at  Dallas.— The  re¬ 
sults  of  a  new  application  of  the  branching  ratio  meth¬ 
od-^  in  the  determination  of  transition  probabilities  of 
ionized  sulfur  and  oxygen  emissions  are  presented.  The 
relevant  emissions  were  excited  in  a  hollow  cathode  dis¬ 
charge  lamp  containing  SO2,  H2S  or  O2.  Singly  and  dou¬ 
bly  ionized  sulfur  emissions  and  singly  ionized  atomic 
oxygen  emissions  were  dispersed  using  a  vacuum  ultra¬ 
violet  spectrometer  capable  of  0*5A°  resolution  through¬ 
out  the  interval  500-1800A0 .  Branching  ratios  were  ob¬ 
tained  through  measurements  of  the  photon  intensities  of 
transitions  orginating  from  common  upper  levels.  The 
present  measurements  for  SII  and  Sill  suggest  the  need 
for  a  reevaluation  of  models  of  the  radiative  economy 
of  the  Io  torus. 

*This  work  was  supported  by  NASA  Grant  NGL  44-004-026 
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BASIC  PROCESSES  IN  HgBr  LASERS 


Chairperson:  J,  J.  Ewing 

Math  Sciences  Northwest 
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EB-l  Dissociative  Excitation  of  HgBr?  by  Low  Energy 
Electron  Impact.  *J.R.  TWIST,  M.L.  LAKE,  Universal- 
Energy  Systems,  Inc.,  Dayton,  Ohio,  D.C.  Vansickle — The 
optical  excitation  function  for  dissociative  excitation 
of  HgBr2  to  the  B^£+  state  of  HgBr  by  electron  impact 
has  been  measured  by  observing  the  fluorescence  produced 
by  the  transition  HgBr (B^I+)-»-HgBr (X^Z)  at  502  nm.  The 
pressure  of  the  HgBr2  sample  was  0.5  millitorr  and  the 
temperature  was  350°K.  Radiation  near  502  nm  (AX=0.8nm) 
from  the  decay  of  the  HgBr(B^E+)  state  is  recorded  over 
the  range  of  electron  energies  from  near  zero  to  50eV. 
The  excitation  function  exhibits  a  steep  slope  above 
threshold.  The  peak  above  the  6.4eV  threshold  is 
located  at  8.5eV.  The  optical  excitation  function 
exhibits  several  oscillations  from  electron  energies  of 
8.5  to  50eV.  These  oscillations  may  be  caused  by 
cascades  from  states  having  thresholds  above  the 
B^E+  state  of  HgBr. 


*Supported  by  Air  Force  Wright  Aeronautical  Laboratory 
Contract  FU615-80-C-2062 


EB-2  HgBr*(B)  Production  by  Electron  Impact  on  HgBi2  t 
C.  L.  CHEN  and  P.  J.  CHANTRY,  Westinghouse  R&D  Center. — 

A  magnetically  collimated  electron  beam  (l-200eV)  crossed 
by  a  molecular  beam  of  HgBr2  has  been  used  to  measure  the 
cross  section  for  HgBr*(B)  production  from  HgB^.  The 
apparatus  permits  simultaneous  measurements  of  negative 
ion,  positive  ion,  and  wavelength  resolved  photon 
production  from  HgBr2»  and  from  permanent  bottled  gases. 
The  relative  wavelength  dependence  of  the  photon  counting 
system  has  been  determined  from  280  to  640  nm  using 
standard  lamps.  By  comparison  with  known  ionization  and 
total  emission  cross  sections  in  He  it  is  possible  to 
measure  total  emission  cross  sections  for  other  molecules 
whose  ionization  cross  sections  are  known.  The  HgBr*(B) 
emission  extends  from  510  nm  to  beyond  350  nm,  and 
appropriate  integration  over  wavelength  is  necessary. 

The  resulting  cross  section  has  a  sharp  onset  at  6.0  eV 
and  rises  rapidly  to  a  plateau  with  a  mean  value  of 
3.2  (-16)  cm^.  jn  (-he  region  (3-5  eV)  of  dissociative 
attachment  HgBr*(B)  production  is  undetectable, 
corresponding  to  o  <  1  (-18)  cm2. 

^Supported  in  part  by  ONR  Contract  No.  N00014-81-C-0518 . 
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Pseudo-Optical  Absorption  Spectra  in  H  CL  and 


HgBr2  from  4  to  14  eV.  _  DAVID  gPENCE ,  R.-G.  WANG,  and 
M.A.  DILLON,  Argonne  Natl.  Lab.  — Using  a  high-resolution 
electron-impact  spectrometer  we  have  obtained  electron 
energy  loss  spectra  of  electrons  scattered  in  the  forward 
direction  from  HgCA2  and  HgBr2,  for  incident  electron 
energies  of  200  eV.  Under  these  experimental  conditions, 
the  energy-loss  spectra  correspond  closely  to  optical 
absorption  spectra.  In  addition  to  the  well  known 
n  and  £  absorption  bands  we  observe  many  new  energy 
loss  processes  beginning  at  7.9  eV  in  HgBr2  and  8.60  eV 
in  HgC£2.  The  relative  cross  sections  and  energies  of 
these  energy  loss  processes  are  in  excellent  agreement 
with  those  predicted  by  Nighan  and  Brown*  as  being 
necessary  to  account  for  discharge  and  flourescence 
measurements  in  e-beam  sustained  mercuric  bromide  lasers. 
On  heating  H„Cil2  to  about  200°C,  we  observe  many 
additional  strong  lines,  which  we  attribute  to  the 
presence  of  HgC£  in  our  target  beam. 

Work  Supported  by  U.S.  DOE. 

*  W.L.  Nighan  and  R.T.  Brown.  To  appear  in  J.  App. 

Phys. 


Total  Quenchina  Cross  Sections  of  Metastable 


Atoms  and  Molecules  by  HgBr2  L.  DANIELS  and  L.  D. 
SCHEARER,  University  of  Missouri-Ro11a--The  total 
quenching  cross  sections  of  thermal  beams  of  Ar,  He,  and 
N2  metastables  by  HgBr2  have  been  measured.  The  meta¬ 
stable  beam  is  passed  through  a  stainless  steel  cell 
containing  a  saturated  vapor  of  HgBr2-  The  attenuation 
of  the  metastable  beam  intensity  as  a  function  of  the 
HgBr2  number  density  provides  the  total  quenching  cross 
section.  The  beam  energies  range  between  45  and  66  meV. 
Cross  sections  on  the  order  of  10_*5  to  1CH6  cm^  are 
obtained. 


*Supported  in  part  by  the  Air  Force  WAL  under  contract 
no.  F3361 5-81 -K-2081 . 
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EB-5  Relative  Fluorescence  Efficiencies'  for  Mercury- 
Halide  Vapors  Excited  by  Collisions  with  N2(A3i).*- 
L.  D.  Schearer-University  of  Missouri -Roll  a.— Using  a 
fast  flowing  afterglow  in  nitrogen  we  have  determined 
the  relative  fluorescence  efficiencies  of  HgX(B2z)  pro¬ 
duced  in  energy  transfer  collisions  with  nitrogen  meta¬ 
stable  (A3z)  molecules  where  X  is  Cl,  Br,  or  I.  Nitro¬ 
gen  gas  from  an  expanding  nozzle  is  excited  by  a  weak 
(<5  watts)  microwave  discharge  at  the  entrance  to  the 
reaction  region.  A  heated  pyrex  chamber  is  the  source 
of  the  HgX  vapor.  We  observe  the  emission  spectra  of 
the  three  species  under  identical  conditions.  Assuming 
that  there  is  no  significant  collisional  quenching  of 
the  emitting  states  we  obtain: 

Species  Peak  Integrated  Flux 

HgCl  558  nm  1.0 

HgBr  503  nm  8.3 

Hgl  443  nm  10.3 

♦Supported  in  part  by  the  Air  Force  WAL  under  contract 
no.  F3361 5-81 -K-2081 . 


EB-6  Reanalysis  of  the  B  -»X  Transitions  In  the 
Mercury  Halides  -  J.  TELLINGHUISEN,  P.  C.  TELL- 
INGHUISEN,  J.  GAIL  ASHMORE,  andK.S.  VISWANA^ 
THAN,  Vanderbilt  *  -  -  The  B  (2£+)  -*X  (25L+)  transitions 
of  Hgl,  HgBr,  and  HgCl  are  reanalyzed  from  spectra 
obtained  using  Tesla  discharge  sources  containing  the 
single  isotopic  species,  2®9Hg*27I,  209Hg129I, 
200Hg79Br,  200Hg81Br,  200Hg35Cl,  and  ^00Hg37Cl. 
The  results  corroborate  the  earlier  work  of  Wieland 


qualitatively  but  not  quantitatively,  in  that  the  assign¬ 
ments  deviate  from  his  for  high  v"  levels,  leading  to 
significantly  lower  estimates  of  the  X  state  dissociation 
energies  in  all  three  molecules.  For  Hgl  the  isotope 
effect  indicates  that  the  v"  numbering  should  be  de¬ 
creased  by  one  unit.  Franck  -  Condon  calculations  yield 
4Rg  values  which  are  larger  than  reported  previously; 
correspondingly  the  Franck- Condon  distributions  are 
altered  significantly.  Preliminary  rotational  analyses 
for  HgCl  and  HgBr  indicate  R  '  values  of  w3,  00  and 
3.  056  A,  respectively,  both  ctose  to  recent  theoretical 
estimates. 

Supported  by  ONR 
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rH_1  CALCULATION  OF  ELECTRON  EXCITATION  CROSS-SECTION 
OF  3P  STATE  OF  SODIUM.  Z.  Azar  and  R.  Shuker,  Physics 
Department.  Ben-Gurion  University  of  the  Negev 
Beer-Sheva,  ISRAEL. 

The  electron-excitation  cross-section  of  the  3P 
state  of  sodium  has  been  calculated  at  several  incident 
electron  energies  between  2.5  and  250  eV  by  two  state 
3S-3P  close  coupling  method  without  core  and  exchange.  We 
use  approximate  atomic  wave  functions  that  enable  us  to 
extend  the  range  of  calculation  to  the  high  energy  range. 

The  calculated  theoretical  cross  section  is  in  good 
agreement  with  recent  experimental  results. 

It  converges  to  the  Born  cross  section  in  the  high 
energy  range,  and  it  is  in  very  good  agreement  with  deta¬ 
iled  four  states  close  coupling  calculation  including 
core  and  exchange  by  Moores  and  Norcross  in  the  low 
energy  range  that  they  calculated.  In  the  intermediate 
energy  range  our  results  are  close  to  those  obtained  by 
Korff  et.  al.  using  two  and  seven  state  close  coupling 
calculation. 


FA-2  Electron- Impact  Excitation  of  the  Xenon  Atom.*  - 

J.  E.  GASTINEAU ,  F.  A.  SHARPTON,  L.  W.  ANDERSON,  and 
CHUN  C.  LIN,  Univ.  of  Wisconsin-Madison. — Absolute 
optical  cross  sections  for  some  100  emission  lines  of 
the  xenon  atom  produced  by  electron-impact  excitation 
have  been  measured  from  threshold  to  100  eV.  From  these 
optical  data,  direct  excitation  cross  sections  have  been 
determined  for  all  ten  2p  levels  (of  the  5p^6p  config¬ 
uration).  The  peak  direct  excitation  cross  sections  of 
the  ten  2p  levels,  in  the  order  of  2p^  to  2p^Q,  are 
5.7,  2.i,  6.0,  2.8,  23,  13,  13,  57,  43, '50,  in  units  of 
10-18  cm2 ,  Using  the  technique  of  laser- induced 
fluorescence,!  we  have  measured  the  electron-impact 
excitation  cross  sections  of  the  metastable  IS3  level 
(5p^6s,  J=0) .  The  excitation  function  of  the  IS3  level 
shows  a  sharp  maximum  and  the  peak  direct  excitation 
cross  section  is  7.5  x  10-1®  cm^. 

k 

Supported  by  the  Air  Force  Office  of  Scientific  Research 
1.  M.  H.  Phillips,  L.  W.  Anderson,  and  C.  C.  Lin,  Phys. 

Rev.  A  23,  2751  (1981). 
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Rotational  Transitions  in  the  Ionization- 
Excitation  of  Cold  N?  Beams  by  Electron  Impact  -  J.P. 
DOERING,  S.  HERNANDEZ,  and  P.J.  DAGDIGIAN,  Johns  Hopkins 
JJ.  *--N2+  first  negative  system  emissions  excited  by  60- 
1500  eV  electron  impact  on  cold  (<10K),  supersonic  N2 
beams  have  been  measured  with  high  spectral  resolution. 
Excited  N2+B  state  rotational  populations  have  been 
calculated  from  the  spectra  and  used  to  derive  the 
original  N2  ground  state  populations.  The  N2  rotational 
state  population  in  the  beam  is  found  to  be  non-Boltz¬ 
mann  with  a  large  population  in  the  first  few  rotational 
states  and  a  long  tail  to  high  J.  Changes  in  the 
excited  state  rotational  populations  as  the  electron 
energy  is  lowered  show  that  the  electric  dipole  rota¬ 
tional  selection  rule  (|AJ|  =  1)  which  is  valid  for  1500 
eV  electrons  breaks  down  at  electron  energies  below  800 
eV. 

*Supported  by  NSF  Grants  CHE  8025614  and  CHE  7926051 


o  -f. 

FA-4  Electron-Impact  Excitation  of  the  DJE  State  of 
the  Nitrogen  Molecule.*  -  A.  R.  FILIPPELLI,  5.  CHUNG, 

CHUN  C.  LIN,  Univ.  of  Wisconsin-Madison,  and  EDWARD  T.  P. 
LEE,  Air  Force  Geophysics  Laboratory — Absolute  optical 
emission  cross  sections  have  been  measured  for  the 
D3E+  ->  B%g  Fourth  Positive  band  system  of  the  nitrogen 
molecule  excited  by  controlled  electron  impact  on  ground- 
state  N2  molecules.  Polarization  of  the  optical  emission 
was  found  to  be  less  than  3%.  The  branching  ratios 
determined  for  the  seven  bands  studied  [D^E^(v,=0)  -*• 

B3n  (v"=0,l,2,3,4,5,6)]  were  0.19,  0.27,  0.29,  0.13, 

0.08,  0.03,  and  0.01  respectively.  The  sum  of  the 
measured  optical  emission  cross  sections  gives  an 
apparent  cross  section  for  electron-impact  excitation  of 
the  v'=0  level  of  the  D3Z+  state  of  1.4  x  10“19  cm^  at 
maximum.  The  excitation  functions  of  all  seven  bands 
studied  show  a  principal  maximum  at  15.7  eV  and  a 
secondary  maximum  at  25  eV.  The  shape  of  the  optical 
emission  excitation  functions  will  be  discussed. 

"fc 

Work  supported  in  part  by  the  Air  Force  Office  of 

Scientific  Research. 


70 


FA-5  Production  of  Atomic  Oxygen  Emission  by  Electron 
Impact  Dissociation  of  02-  -  F.  A.  SHARPTONt,  M.  R. 

PEDERSON,  A.  R.  FILIPPELU,  L.  W.  ANDERSON,  CHUN  C.  LIN, 
U.  of  Wisconsjn-Madison,  and  R.  E.  MURPHY,  Air  Force 
Geophysics  Laboratory. — Production  of  excited  oxygen 
atoms  in  the  2p-^3p,  2p^5s,  and  2p^nd  configurations  has 
been  observed  in  an  experiment  with  an  electron  beam 
passing  through  oxygen  molecules.  Optical  cross 
sections  for  the  emission  lines  of  the  excited  oxygen 
atoms  (e.g.,  3p  P  -*■  3s  ^S,  4d  ^D  3p  ^P,  etc.)  have 
been  measured  for  incident  electron  energies  from 
threshold  to  500  eV.  The  excitation  functions  exhibit 
a  broad  maximum  at  about  90  eV  with  a  slight  shoulder 
near  35  eV.  This  shoulder  structure  is  similar  to  but 
less  prominent  than  the  corresponding  case  of  electron- 
impact  dissociation  of  N2*  The  peak  optical  cross 
section  for  the  3p  -*P  -*•  3s  emission  is  3.6  x  10“^-®cm^ 
* 

Work  supported  in  part  by  the  Air  Force  Office  of 

Scientific  Research 

"^Present  Address:  North  Nazarene  College,  Nampa,  ID. 
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pg_j  Mercury  Bromide  Kinetic  Model*  L.J.  PALUMBO, 

R.L.  TAYLOR  and  H.L.  CHEN,  Research  &  Laser  Technology, 
Inc . — The  kinetics  of  the  HgBr  laser  have  been  analyzed 
with  a  detailed  computer  model  which  considers  all  rel¬ 
evant  electron  and  heavy  particle  reactions.  Compari¬ 
sons  with  experimental  data  provided  model  verification 
and  indicated  the  principal  mechanisms  affecting  laser 
performance  and  long  duration,  unattended  operation. 
Agreement  between  calculations  and  experiments  supports 
the  hypothesis  that  the  only  significant  upper  laser 
level  formation  channel  is  direct  electron-impact  dis¬ 
sociation  of  HgBr2 .  Laser  energy  extraction  is  limited 
by  bottlenecking  of  HgBr(X,v«22)  and  by  absorption  by 
HgBr(X);  both  effects  increase  with  pulse  duration  and 
volumetric  laser  power.  The  discharge  modeling  points 
out  the  need  for  further  studies  of  electron  production 
and  loss  mechanisms  and  of  other  processes  affecting  the 
electron  energy  distribution  function.  Several  poten¬ 
tial  issues  relevant  to  long-term  operation  have  been 
identified.  These  analyses  generally  support  the  belief 
that  an  efficient  HgBr  laser  can  be  developed  for  appli¬ 
cation  to  blue-green  optical  communications. 

•Supported  by  DARPA  under  subcontract  to  W.J.  Schafer, 
Associates,  Inc. 


FB-2  HgBr  (B->-X)  /HgBr ?  Laser  Kinetics*  -  W.L.  NIGHAN, 
R.T.  BROWN,  J.J.  HINCHEN,  and  W.J.  WIEGAND  -  United  Tech¬ 
nologies  Research  Center,  East  Hartford,  CT  -  An  investi¬ 
gation  of  fundamental  kinetic  processes  influencing  dis¬ 
charge  and  laser  properties  of  the  502  nm  HgBr (B-*X) /HgBr2 
dissociation  laser  has  been  carried  out.  Experimental 
results  obtained  using  both  an  electron  swarm  apparatus^ 
and  an  e-beam  controlled  discharge^  will  be  presented  for 
several  gas  mixtures.  A  set  of  electron-HgBr2  cross  sec¬ 
tions  for  vibrational  and  electronic  excitation  has  been 
inferred  on  the  basis  of  interpretation  and  analysis  of 
the  experimental  data.  These  cross  sections  will  be  dis¬ 
cussed  along  with  the  effect  of  electron-electron  colli¬ 
sions  on  laser  medium  properties. 

1.  W.L.  Nighan,  J.J.  Hinchen  and  W.J.  Wiegand,  J.  Chem. 
Phys.  (Oct.  1982,  in  press). 

2.  W.L.  Nighan  and  R.T.  Brown,  J.  Appl.  Phys.  (Nov.  1982 
in  press) . 

*This  work  supported  in  part  by  the  Naval  Ocean  Systems 
Center  and  by  the  Office  of  Naval  Research. 
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rg_3  Electron  Kinetics  Analysis  for  HgBr  Lasers  Using  a 
Measured  B  State  Excitation  Cross  Section.  L.  E.  KLINE, 

C.  L.  CHEN,  P.  J.  CHANTRY  and  L.  J.  DENES,  Westinehouse 
R&D  —  Electron  kinetics  analysis  of  the  HgBr  laser  has 
been  hindered  by  a  lack  of  cross  section  data.  We  have 
used  our  recent  measurements  of  the  cross  section  for 
electron  impact  excitation  of  the  HgBr  blue-green 
fluorescence  to  make  a  new  analysis  of  the  electron 
kinetics  of  the  HgBr  laser.  The  measured  cross  section 
has  a  threshold  at  6  eV  and  rises  to  a  plateau  value  of 
3.2  above  9  eV.  We  have  assumed  two  additional 
electronic  processes  with  thresholds  at  5  eV  and  7.9  eV 
as  in  previous  analyses.  When  previous  cross  section 
estimates  for  these  processes  are  used  in  the  analysis 
the  predicted  peak  HgBr  B  state  formation  efficiency  in 
an  Ar-0.8%HgBr2  mixture  is  26%  which  is  much  higher  than 
the  measured  formation  efficiency  of  5%.  Predicted 
values  of  formation  efficiency  in  approximate  agreement 
with  experiment  can  be  obtained  by  using  step  function 
5  eV  cross  section  with  a  value  of  3  A  .  Predicted  values 
of  the  sum  of  the  ionization  and  attachment  coefficients 
which  agree  with  experiment  can  be  obtained  by  using  a 
step  function  7.9  eV  cross  section  with  a  value  of  10  A  . 


PB-4  Electron  Cross  Sections  for  Neon  in  the  Range 
7  to  100  eV. .  L.  E.  KLINE,  Westinghouse  R&D —  Neon  is 
widely  used  as  a  buffer  gas  in  discharge-pumped  rare 
gas-halide  and  metal-halide  lasers.  A  consistent  set  of 
collision  cross  sections  has  been  determined  for  neon  in 
the  electron  energy  range  7  to  100  eV  by  analyzing 
available  electron  collision  cross  section  and  transport 
data.  When  these  cross  sections  are  used  to  predict 
values  of  the  drift  velocity,  longitudinal  diffusion 
coefficient,  and  ionization  coefficient  for  electrons  in 
neon  the  predicted  values  agree  well  with  available 
experimental  data  in  the  E/N  range  10  to  300  Td.  The 
momentum  transfer  cross  section  reported  here  is  about 
twice  as  large,  for  energies  above  20  eV,  as  a  neon 
momentum  transfer  cross  section  which  has  been  used  in 
several  analyses  of  XeCl  and  HgBr  lasers.  This  smaller 
momentum  transfer  cross  section  results  in  30-50$ 
overestimates  of  the  electron  drift  velocity  and  20-30$ 
overestimates  of  the  ionization  coefficient  in  the  E/N 
range  studied  here.  However,  the  predicted  electron 
transport  and  laser  punning  behavior  for  HgBr  laser 
mixtures  containing  0.1  to  0.8$  HgBr2  in  neon  are  the 
same  to  within  a  few  percent  for  both  neon  momentum 
transfer  cross  sections. 
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DISTRIBUTION  FUNCTIONS  AND  ELECTRON  TRANSPORT 


Chairperson:  W,  F,  Bailey 

Air  Force  Institute  of  Technology 


G-l  Eleccron  Multiplication  in  Gases:  The  Stochastic 
Ionization  Coefficient  and  the  E/N  Limit  of  the  Townsend 
Ionization  Coef f icient*-E .E .  KUNHARDT,  Y.  TZENG,  and  J. 

P.  BOEUF,  Texas  Tech  U. — Using  Monte  Carlo  methods,  we 
have  done  an  extensive  investigation  of  avalanche  devel¬ 
opment  in  helium  and  nitrogen  over  a  wide  range  of  E/N. 

We  have  obtained  avalanche  size  distribution,  P(n,x),  and 
the  energy  distribution  of  electrons  f(v,x,n).  From  this 
we  have  determined  a  limit  of  validity  for  the  Townsend 
ionization  coefficient,  ax,  and  obtained  the  stochastic 
ionization  coefficient,  a(n,x)  (i.e.  the  ionization  pro¬ 
bability  per  unit  distance  for  an  electron  in  an  ava¬ 
lanche  of  size  n) .  At  high  E/N,  a(n,x)  is  found  to  have 
a  maximum  as  a  function  of  n.  This  occurs  when  some  elec¬ 
trons  can  acquire  energy  above  that  corresponding  to  the 
maximum  in  the  ionization  crossection.  The  probability 
for  small  size  avalanches  increases  and  the  non-equili¬ 
brium  region  of  an  avalanche  is  no  longer  finite.  The 
value  of  E/N  is  300  Td  for  helium  and  1750  Td  for  nitro¬ 
gen.  We  will  discuss  the  behavior  of  P(n,x)  and  a(n,x) , 
with  E/N  as  a  parameter,  with  reference  to  the  collision- 
al  processes  in  the  gas.  In  light  of  this  study,  the 
range  of  usefulness  of  the  Townsend  ionization  coeffi¬ 
cient  ax,  will  be  discussed. 

*Work  supported  by  ONR  under  contract  #N00014-81-0655 . 


G-2  Non-equilibrium  Development  of  an  Electron  Swarm 
in  Nitrogen:  A  Monte  Carlo  Study  with  Statistical  En¬ 
hancement  for  High  Energy  Electrons*-Y .  TZENG  and  E.E. 
KUNHARDT,  Texas  Tech  U. — The  temporal  and  spatial  evolu¬ 
tion  of  electron  swarms  between  two  infinite  parallel 
plates  have  been  studied  for  E/N  values  ranging  from 
300  Td  to  3000  Td  using  Monte  Carlo  simulations.  A  re¬ 
normalization  and  weighting  technique  has  been  developed 
to  enhance  the  resolution  in  the  high  energy  tail  where 
the  visitation  frequency  is  low.  With  this  method  we 
have  investigated  the  response  of  the  electron  velocity 
distribution,  ionization  rate  and  drift  velocity,  to 
temporal  variations  of  the  applied  uniform  electric 
field.  We  have  also  studied  the  effect  on  the  above 
swarm  properties  and  their  spatial  characteristics  of 
four  different  ways  of  partitioning  the  energy  among 
the  two  electrons  after  an  ionization  event.  Signifi¬ 
cant  differences  have  been  observed  in  the  velocity  dis¬ 
tribution  and  the  spatial  characteristics  of  the  swarm, 
especially  at  the  high  E/N.  From  these  temporal  and 
spatial  characteristics  of  swarms  run-away  electrons 
have  been  observed  at  E/N  values  higher  than  1500. 

*Work  Supported  by  ONR  under  Contract  //N00014-81-K-0655 . 
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The  Effects  of  Space  Charge  on  Avalanche  Develo; 
ment:  A  Self-consistent  Microscopic  Study  Using  Monte 
Carlo  Technique*-Y.  TZENG  and  E.E.  KUNHARDT,  Texas  Tech 
£. — We  present  the  simulation  results  of  the  evolution  of 
avalanches  initiated  by  an  electron  pulse  on  the  cathode 
under  the  action  of  both  space  charge  induced  and  exter¬ 
nally  applied  electric  field.  A  self-consistent  treat¬ 
ment  of  the  evolution  has  been  achieved  using  Monte  Carlo 
methods  to  simulate  the  electron  kinetics  and  a  two  di¬ 
mensional  (cylindrical  symmetry)  Poisson  solver  to  com¬ 
pute  the  space  charge  field.  With  this  method,  we  have 
investigated  the  temporal  and  spatial  characteristics  of 
electron  energy  distribution  in  the  avalanche  and  the 
transport  coefficients.  All  avalanche  characteristics, 
i.e.  average  energy,  diffusion  coefficients,  drift  velo¬ 
city  and  ionization  rate,  have  been  observed  to  change 
significantly  with  increasing  space  charge.  The  electron 
energy  distribution  is  highly  space  dependent.  There  is 
no  equilibrium  under  this  condition. 

*Work  supported  by  ONR  under  Contract  #N00014-81-K-0655 . 


Nonlocal  Boltzmann  Code  for  Electron-Beam- 
Generated  Plasma  Channels,*  S.  S.  YU  and  R.  E.  MELENDEZ, 
Lawrence  Livermore  Nat'l.  Lab.  -  A  time-dependent  non¬ 

local  Boltzmann  code  (NUTS)  has  been  constructed  to 
study  the  evolution  of  plasma  channels  created  by  an 
intense  electron  beam  passing  through  a  gaseous  medium. 
The  code  is  based  on  a  two-term  expansion  of  the  Boltz¬ 
mann  Equation.  Two  independent  vector  components  are 
retained  to  allow  for  current  flow  in  both  the  axial  and 
the  radial  directions.  All  inertial,  spatial,  electric 
and  magnetic  terms  as  well  as  effects  of  atomic 
collisions  are  included.  Time-dependent  electromagnetic 
fields  are  calculated  self-consistently  from  the 
evolving  plasma  currents.  Code  results  and  comparisons 
with  experimental  data  from  the  LLNL  Experimental  Test 
Accelerator  (ETA)  will  be  presented. 

*LLNL  is  operated  by  the  University  of  CA  for  the  DOE 
under  Contract  No.  W-7405-Eng-48.  This  work  is  performed 
by  LLNL  for  DOD  under  DARPA  (DOD)  ARPA  Order  No.  4395  A#1 
monitored  by  NSWC  under  Document  No.  N60921-WR-W0056. 


Electron  Conductivity  in  a  Rapidly  Increasing 
Electric  Field  -  J.  N.  BARDSLEY  and  B.  M.  PENETRANTE,  U. 
of  Pittsburgh*  —  During  the  opening  stage  of  a  diffuse 
discharge  switch  the  electric  field  is  expected  to  grow 
rapidly,  with  E/N  increasing  from  below  10  Td  to  over 
100  Td.  To  prevent  breakdown,  the  gas  must  contain 
molecules  which  absorb  momentum,  thereby  reducing  the 
transfer  of  power  from  the  field  to  the  electrons,  absorb 
energy  and  attach  electrons.  Monte  Carlo  simulations 
are  performed  for  gas  mixtures  of  N2  and  N2O  with  time 
scales  between  10""s  and  10“^s.  The  calculated  attach¬ 
ment  probabilities  are  compared  with  the  results  of 
adiabatic  calculations  in  which  rates  appropriate  to  the 
instantaneous  value  of  E/N  are  integrated  over  time. 

*Research  supported  by  ONR  through  Grant  N00014-82-K 
37301. 


G-6  Electron  Energy  Distributions  in  Microwave  Dis¬ 
charges  -  J.  N.  BARDSLEY  and  R.  CHAKRABARTI,  U.  of 
Pittsburgh*  —  The  behavior  of  electrons  under  the 
influence  of  high-frequency  AC  fields  is  studied,  using 
the  theory  of  Margenau^,  for  gas  mixtures  containing 
small  fractions  of  molecular  gases  such  as  H2,  NO,  O2, 
CO,  CO2,  H2O  and  NH3  in  rare  gas  buffers.  The  energy 
distribution  and  effective  temperature  are  calculated 
as  a  function  of  the  strength  of  the  microwave  field. 
With  argon  as  a  buffer,  the  presence  of  the  Ramsauer- 
Townsend  minimum  in  the  momentum  transfer  cross  section 
leads  to  a  bottleneck  in  the  electron  energy  distri¬ 
bution.  The  presence  of  only  a  few  parts  per  million 
of  these  molecular  gases  can  have  a  significant  effect 
on  the  average  energy  of  electrons  in  Ar. 

*Researched  supported  by  DARPA  through  LLNL  Sub-contract 
5886701  and  ONR  Contract  N00014-82-K-09921 . 

1.  H.  Margenau,  Phys.  Rev.  69^  508  (1946);  Tl_,  297 
(1948). 
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6-7  Effects  of  Various  Secondary  Electron  Energy  Dis¬ 
tributions  on  Electron  Transport  in  N2  ~  S.  YOSHIDA  and 
A.V.  PHELPS,  — JILA,  U.  of  Colorado  and  NBS,  and 
L.C.  PITCHFORD,'*'  Sandia  Nat'l.  Labs. — The  Boltzmann  equa¬ 
tion  solution  of  Brunet  and  Vincent1  is  extended  and  used 
to  investigate  the  effects  of  changes  in  the  distribution 
in  energy  of  the  electrons  produced  by  ionization  at  high 
E/n  in  N2.  For  example,  at  E/n  =  1500x10“^^-  Vm^  the  rate 
coefficient  for  ionization,  the  electron  drift  velocity 
and  the  ratio  of  the  diffusion  coefficient  to  the  mobility 
D/u  decrease  and  the  mean  electron  energy  increases  as  the 
mean  energy  of  the  secondary  electrons  is  increased.  The 
electron  energy  distributions  f(e)  decrease  slowly  with 
energy  e  above  200  eV  and  the  effective  electron  tempera¬ 
ture  at  these  energies  decreases  as  the  mean  energy  of 
the  scattered  electrons  decreases. 

Supported  in  part  by  the  Army  Research  Office. 

+Supported  by  the  Department  of  Energy. 

^H.  Brunet  and  P.  Vincent,  J.  Appl.  Phys.  5-,  4700  and 

4708  (1979). 


Cross-Section  Data  for  High  Mobility  Gases  -  A. 
GARSCADDEN  and  G.  L.  DUkE,  AFWAL/POOC,  Wright-Patterson 
AFB,  Ohio,  45433  —  A  number  of  gases  or  gas  mixtures 
display  high  electron  conductivity  when  a  large  inelas¬ 
tic  cross-section  exists  near  the  onset  of  a  rapidly 
increasing  momentum  transfer  cross-section.  The  usual 
two-term  Legendre  expansion  for  calculation  of  the 
electron  energy  distribution  function  that  has  been  ap¬ 
plied  to  derive,  these  cross-sections  iteratively,  does 
not  include  the  influence  of  inelastic  collisions  on  f^. 
This  has  led  to  sets  of  cross-sections  and  transport 
properties  that  are  self-consistent  but  incorrect.  Thus 
they  cannot  be  used  to  derive  collisional  data  for  sig¬ 
nificantly  different  gas  mixtures  or  different  excita¬ 
tion  conditions.  The  high  conductivity  gases  are 
especially  subject  to  this  effect.  New  calculations, 
allowing  for  inelastic  collisions  on  fj,  are  compared 
with  the  previous  works.  Methane,  which  is  a  candidate 
switching  gas,  is  taken  as  an  example.  It  is  demon¬ 
strated  that  the  momentum  transfer  cross-section  must 
be  adjusted  down  by  a  factor  of  approximately  two  near 
the  Ramsauer  minimum.  An  "^8%  increase  in  the  vibration¬ 
al  cross-section  is  also  required  to  predict  measured 
transport  properties. 
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G-9  Transport  Coefficients  and  Collisional  Cross 
Sections  of  SFfi  -  J.P.  N3VAK  and  M.  FRBGHLTTE,  IFBQ, 
Varennes,  Quebec,  Canada  —  The  Boltzmann  equation  method 
has  been  used  to  reevaluate  the  transport  coefficients  of 
SFg  on  the  basis  of  revised  collisional  cross  sections, 
in  particular:  the  plateau  value  of  the  momentum  trans¬ 
fer  cross  section,  2  x  10~-'-^  cm2,  and  the  pronounced 
minimum  at  about  leV;  SF^”attachment  cross  s.  according 
to  Chutjian;!  and  the  excitation  cross  s.  based  on  data 
of  Trajmar  and  Chutjian.2  The  calculated  diffusion  co¬ 
efficient  agreed  veil  with  experimental  values  but  the 
calculated  drift  velocity  proved  to  be  about  20%  lower. 
Fitting  of  the  ionisation  coefficient  was  used  to  deter¬ 
mine  the  profiles  of  the  excitation  cross  sections.  The 
largest  difference  (about  30%  for  the  reduced  fields 
between  30  and  170  Vcnrl  torr-!)  was  observed  for  the 
attachment  coefficient.  Good  agreement  has  been  achieved 
by  reducing  the  width  of  the  SFg“cross  section  to  about 
30%  and  by  increasing  the  higher  energy  attachment  cross 
sections  (except  SF5~)  to  about  130%. 

1  A.  Chutjian,  Phys.  Rev.  Lett.  46,  1511  (1981). 

2 

S.  Trajmar  and  A.  Chutjian,  J.  Phys.  B  10,  2943  (1977). 
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SESSION  H 

3:15  p.m.,  Wednesday,  October  20,  1982 


WORKSHOP  ON  ATOMIC  AND  MOLECULAR  COLLISION  PROCESSES 
IN  DENSE  PLASMAS 

This  workshop  will  focus  on  fundamental  atomic  and  molecular 
processes,  such  as  Ion-Ion  recombination,  electron-ion  recombina¬ 
tion,  Ion-molecule  reactions,  blmolecular  and  termolecular  charge 
transfer  and  Penning  Ionization,  occurring  In  plasmas  formed  In 
high  pressure  gases.  Theory,  experiment  and  computer  simulation 
of  such  processes  will  be  discussed.  Ample  time  has  been  provided 
for  general  discussion  of  these  topics. 


Chairperson:  M,  R,  Flannery 

Georgia  Institute  e  Technology 
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i ON- I ON  RECOMBINATION  AND  RELATED  PROCESSES 

D,  R.  Bates 

MEASUREMENT  AND  MODELLING  OF  ION-MOLECULE  REACTIONS 
AT  ATMOSPHERIC  PRESSURE 

C.  B.  Collins  and  F.  W,  Lee 

KINETIC  PROCESSES  IN  DENSE  HELIUM-NITROGEN  AND  HELIUM- 
HYDROGEN  PLASMAS 

J,  Stevefelt 

COMPUTER  EXPERIMENTS  AND  RECOMBINATION  THEORY 

W,  L,  Morgan 

GENERAL  DISCUSSION 
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™  1  Negative  Ion  Concentrations,  Electron  Energy 
Distributions,  and  Vibrational  Population  Distributions 
in  Hydrogen  Discharges*.  J.R.  HISKES  and  A.M.  KARO, 
Lawrence  Livermore  National  Laboratory— The  formation 
and  destruction  processes  leading  to  the  equilibrium 
negative  ion  concentrations  in  hydrogen  discharges  are 
discussed  for  discharge  densities  in  the  range  10^  to 
10' 3  electrons  cm-3.  Analytic  expressions  are  devel¬ 
oped  for  the  high  energy  portion  of  the  electron  energy 
distribution.  Three  electronic  excitation  processes 
predominate:  excitation  through  the  H§  resonances, 
singlet  excitations,  and  triplet  excitations  through 
the  c3ttu  state.  At  low  densities,  the  vibrational 
distribution  arises  from  these  electronic  excitations 
in  equilibrium  with  wall  de-excitation  processes. 
Vibrational  relaxation  via  wall  collisions  are  dis¬ 
cussed  in  the  context  of  molecular  dynamics  methods. 

At  high  densities  singlet  excitations  predominate  in 
equilibrium  with  atom-molecule  exchange  de-excitation 
processes.  Negative  ion  generation  is  discussed  for  a 
two-chamber  tandem  system  in  which  vibrational  excita¬ 
tion  occurs  in  a  high  power,  high  temperature  discharge 
chamber,  kTe  =  5  eV,  and  dissociative  attachment  occurs 
in  a  low  temperature,  1  eV,  plasma  chamber. 

*Work  supported  by  U.S.D.O.E.  contract  W-7405-ENG-48. 


I  A— 2  Electron  Temperature  Dependence  of  the  Recombi¬ 
nation  of  Electrons  with  and  Ht’  Ions  -  J.  A.  MACDONALD, 
M.  A.  BIONDI  and  R.  JOHNSEN,  U.  of  Pittsburgh*  —  Dis¬ 
sociative  recombination  involving  the  trimer  ion  is  a 
very  efficient  electron  removal  process  which  affects 
the  ionization  level  in  the  upper  atmospheres  of  the 
outer  planets.  Also,  the  thermalization  of  the  neutral 
products  of  this  reaction  may  play  a  role  in  determining 
the  temperature  of  dense  interstellar  clouds.  We  have 
studied  the  dissociative  recombination  of  and  ions 
with  electrons  in  an  admixture  of  H2  and  neon  using  a 
low- temperature,  microwave  afterglow-mass  spectrometer 
apparatus  employing  microwave  heating.  In  20  Torr  of 
neon  with  %  1  mTorr  of  H2,  the  measured  recombination 
coefficient  a(H^)  does  not  show  a  simple  power-law 
dependence  on  electron  temperature.  At  T  =  265K, 
a(Hp  =  (2.0±  0.3)  x  10"7 (Te/300) _0- 88  cm3/sec  for 
400  K  Te  i  4000  K.  However,  over  the  range  265  K  -  Te 
1  400  K,  a(H^)  ^  1.5  x  10"6  cm3/sec,  independent  of  Te. 

In  similar  admixtures  of  H2  and  neon  at  128  K,  H5  ions 
dominate  the  afterglow  ion  mass  spectrum.  We  find 
a(H^)  =  (1.8  ±  0.2)  x  10-6  (Te/300)-°* 69  Cm3/sec,  valid 
over  the  range  128  K  1  Te  1  4000  K. 

’'Research  supported,  in  part,  by  ARO  and  NASA. 
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iH-J  Basic  Microscopic  Theory  of  Ion-Ion  Recombina¬ 
tion  -  M.  R.  FLANNERY  and  E.  J.  MANSKY,  Georgia 
Institute  of  Technology* — The  basic  coupled  integro- 
differential  equations1  for  the  distribution  p(E,R)  of 
ion  pairs  in  both  internal  energy  E  and  internal  separa¬ 
tion  R  are  solved  as  a  function  of  gas  density  N.  At 
low  N,  energy  transfers,  via  collision  with  the  gas,  are 
very  slow  in  comparison  to  orbital  motion  so  that 
equilibrium  in  R  is  established.  As  N  is  increased 
energy  transfer  and  orbital  motion  are  coupled.  For  all 
N,  changes  of  internal  angular  momentum  L  of  the  ion 
pair  occur  very  rapidly  in  comparison  to  E  and  R  changes 
such  that  equilibrium  in  L  is  instantaneously  establish¬ 
ed.  The  recombination  rate  a  versus  N  is  determined 
from  p (E,R)  for  the  cases  of  symmetrical  resonance 
charge  transfer  and  hard-sphere  ion-neutral  gas 
collisions. 

Supported  by  U.  S.  AFOSR  Grant  80-0055. 

Hi.  R.  Flannery,  Phil.  Trans.  Roy.  Soc.  A  304,  447  (1982). 


Ultraviolet  Photodissociation  of  Rare  Gas  Dimer 
Ions  (Xe+,  Kr *-  A.W.  McCOWN,  M.N.  EDIGER,  S.M.  STAZAK, 

and  J.G.  EDEN,  U  of  IL— -An  optical  method  for  detecting 
rare  gas  dimer  ions  Kr*)  in  real  time  has  been 

demonstrated  by  photodissociating  the  ion  with  a  UV  laser 
and  by  observing  recombination-fed,  excited  state  fluor¬ 
escence.  Initially,  atomic  ions  are  produced  by  multi¬ 
photon  ionization  using  an  ArF  laser  (193  run  :  2y  for  Xe, 
3y  for  Kr)  and  for  pressures  greater  than  100  Torr, 
dimerization  rapidly  occurs  (<  1  ps).  A  second  excimer 
laser  is  sequentially  fired  and  photodissociation  takes 

place,  involving  the  1(1/2)  ->-2(1/2)  molecular  transi- 

^  8 

tion.  This  results  in  a  suppression  of  the  fluorescence 
since  the  species  feeding  the  excited  states  is  depleted, 
and  quenching  by  ground  state  atoms  is  very  fast  (e~l 
decay  time  < Ins) .  The  amount  of  fluorescence  suppression 
depends  upon  the  intensity  of  the  dissociating  laser.  A 
computer  model  has  been  developed  which  accurately  pre¬ 
dicts  the  dimerization  and  recombination  coefficients 
from  fluorescence  waveforms,  and  this  is  being  used  to 
calculate  the  spectral  variation  of  the  dissociation 
cross  section.  These  results  will  be  presented. 

*Supported  by  NSF  under  contract  CPE80-06378 
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I A— 5  Improved  Absolute  Free-Free  Emission  Coefficients 

for  Electrons  in  Argon  -S.  J.  BUCKMAN  and  A.  V.  PHELPS, 
JILA,  U.  of  Colorado  and  NBS-Through  the  use  of  improved 
data  handling,  more  accurate  calibrations,  and  measure¬ 
ments  at  wavelengths  where  the  background  is  minimized 
we  have  reduced  scatter  and  statistical  uncertainties  in 
derived  excitation  coefficients  from  ±15%  in  previous 
measurements-'-  to  less  than  ±5%  for  electric  field  to  gas 
density  rations  E/n  above  7xl0~zz  Vm  .  The  estimated 
uncertainty  in  the  absolute  excitation  coefficients  is 
±20%.  Our  free-free  excitation  coefficients  agree  to 
within  ±10%  with  values  calculated  using  the  theory  of 
Kas'ysnov  and  Starostin^  and  momentum  transfer  cross 
sections  for  electrons  in  argon  derived  from  transport 
data.  Similar ^agreement  is  obtained  with  Geltman's  theo¬ 
retical  value.  Comparisons  will  be  made  with  other 
theory  and  experiments. 

Supported  in  part  by  Air  Force  Wright  Aeronautical 
Laboratories . 

1.  C.  Yamabe  and  A.  V.  Phelps,  Bull,  Am.  Phys.  Soc.  27 , 
100  (1982). 

2.  V.  Kas'yanov  and  A.  Starostin,  Zh.  Eksp,  Teor.  Fiz. 
48,  295  (1965). 

3.  S.  Geltman,  J.  Quant.  Spectros.  Radiat.  Transfer, 

] 3,  601  (1973). 


IS -6  Transition  Probability  Measurements  for  Some 

Aj  1  4s-4p  Transitions  -  D.W.  JONES,  W.L.  WIESE,  and 
K.  MUSI0L*,  National  Bureau  of  Standards.— Absolute  tran¬ 
sition  probabilities  for  13  lines  of  the  Ar  I  4s-4p 
(ls-2p  in  Paschen  notation)  transition  were  measured  by 
analyzing  high  resolution  spectra  from  a  wall-stabilized 
arc.  The  arc  source  was  10  cm  long  and  3  mm  in  diameter 
and  operated  at  atmospheric  pressure  with  axial  tempera¬ 
tures  of  about  13  000°  K  and  electron  densities  of  about 
1017  cm-3.  An  on-line  microcomputer  was  used  to  acquire 
and  analyze  high  resolution  line  profiles;  the  analysis 
included  corrections  for  dark  current,  spectral  sensi¬ 
tivity,  self-absorption,  continuum  radiation,  blended 
lines  and  line-wing  truncations.  In  order  to  minimize 
the  contribution  of  uncertainties  in  the  temperature 
determination  to  the  overall  uncertainty  of  the  transi¬ 
tion  probabilities,  the  relative  transition  probabilities 
measured  in  this  experiment  were  normalized  to  an  abso¬ 
lute  scale  with  the  aid  of  the  precise  laser-fluorescence 
lifetime  measurements  of  Chang  and  Setser.1 

♦Present  address:  Jagel Ionian  U.,  Krakow,  Poland 

iR.S.F.  Chang  and  D.W.  Setser,  J.  Chem.  Phys.  69,  3885 
(1978). 


I A— 7  Kinetic  Processes  in  Dense  Helium-Hydrogen 
Plasmas  -  J.  STEVEFELT,  0.  MOTRET ,  and  A.  B0UCH0ULE,  U. 
of  Orleans,  France. —  A  fast  pulsed  discharge  (4  kA,  7 
nsec, 10  Hz)  was  used  to  create  an  afterglow  plasma  with 
initial  electron  density  over  to15  cm-3  in  a  mixture  of 
hydrogen  (0  -  400  mtorr)  and  helium  (310  -  760  torr) . 

The  afterglow  radiation  was  emitted  in  He2  transitions  as 
well  as  in  atomic  hydrogen  spectral  lines,  with  La  being 
particularly  intense.  The  H(n  =  1)  concentration  was 
estimated  from  the  profile  of  the  self-absorbed  La  line, 
indicating  a  significant  dissociation  of  the  hydrogen  by 
the  discharge  pulse.  Destruction  frequencies  for 
metastable  23S  helium  atoms  have  been  determined  and 
analyzed  in  terms  of  rate  coefficients  for  quenching 
processes . 


Reaction  Rate  Coefficients  for  C+,  CO+,  and  CO-,* 
+  0?.  -THOMAS  M.  MILLER?  RODNEY  E.  WETTERSKOG?  and  JOHN 
F.  PAULSON,  Air  Force  Geophysics  Laboratory — Rate  coef¬ 
ficients  have  been  measureo  or  C+,  CO+,  and  C02+  ions 
reacting  with  O2  over  the  temperature  range  90-300  K. 
Charge  transfer  is  the  only  reaction  channel  observed 
except  for  C++02  which  yields  0+  and  CO+  products.  The 
reaction  rate  coefficients  agree  with  the  measurements 
of  others  at  300  K.  The  C++  i  rate  coefficient  is  rela¬ 
tively  independent  of  temper.- ture  for  90-300  K.  The 
rate  coefficients  for  CO++C  ,  and  C02++02  decrease  with 
increasing  temperature,  by  factors  of  0.6  and  0.3,  re¬ 
spectively,  between  90-300  K.  A  variable-temperature 
selected-ion  flow-tube  (SIFT)  apparatus  was  used  in  this 
work.  We  will  discuss  evidence  for  a  shock  effect  as¬ 
sociated  with  the  SIFT  helium  injector,  which  fits  the 
description  given  by  Dupeyra  et  al.1 

* 

Permanent  address:  Dept,  of  Physics  and  Astronomy, 

Univ.  of  Oklahoma,  Norman,  OK  73019. 

1G.  Dupeyrat,  B.  R.  Rowe,  D.  w.  Fahey,  and  D.  L. 
Albritton,  Int.  J.  Mass  Speer rom.  Ion  Phys.  (in  press). 


I  A— 9  Temperature  Dependence  of  3-Body  Association 
Reactions  of  Ions  in  Nitrogen  -  S.  DHEANDHANOO, 

R.  JOHNSEN,  and  M.  A.  BIONDI,  U.  of  Pittsburgh*  —  Rate 
coefficients  for  the  association  of  IT1-,  Nj,  0£,  and  N0+ 
ions  in  nitrogen  have  been  measured  as  a  function  of  gas 
temperature  in  a  drift  tube-mass  spectrometer  apparatus. 
The  following  results  were  obtained: 


reaction 

N+  +  2N2  ->  N^  +  N2 
n£  +  2N2  -*•  +  N2 

0^  +  2N2  0^*N2  +  N2 

NO+  +  2N2  ->  N0+-N2  +  N2 


rate  coeff.  (cm^/sec) 

2.0  x  10-29(T/300)~2-0 
5.0  x  10-29(T/300)'2’2 
1.0  x  10~30(T/300)"3-2 
3.0  x  10'31(T/300)“4*4 


The  range  of  temperatures  covered  by  the  experiments  was 
110  to  420  K  for  the  first  reaction,  120  to  480  K  for 
the  second  and  110  to  180  K  for  the  third  and  fourth 
reactions. 

*Research  supported,  in  part,  by  DNA  (K19628-81-K-0002) . 


IA-10  Kinetic  Order  of  the  He+  to  He^T  Conversion  in 

Helium  -  R.  JOHNSEN  and  M.  A.  BIONDI,  U.  of  Pittsburgh* 
—  We  have  tried  to  find  experimental  evidence  for  a 
4-body  contribution  in  the  conversion  of  He+  to  He£  ions 
in  helium.  This  reaction  mechanism  has  recently  been 
invoked  by  deVries  and  Oskam3  in  order  to  explain  their 
afterglow  data.  Our  experiments,  carried  out  in  a  drift 
tube-mass  spectrometer  apparatus  at  pressures  between 
0.25  and  4.5  Torr,  gave  results  compatible  with  the 
3-body  mechanism  usually  assumed  for  this  type  of 
reaction.  It  will  be  shown  that  the  4-body  effects 
reported  by  deVries  and  Oskam  are  considerably  larger 
than  expected  on  the  basis  of  simple  theoretical 
considerations . 


3C.  P.  deVries  and  H.  J.  Oskam,  Phys.  Rev.  A  2_2,  1429 
(1980). 

*Research  supported,  in  part,  by  the  U.  S.  Army  Research 
Office  under  Grant  DAAG29-80-K-0081-P000002. 
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IA-11 


Prompt  and  Delayed  Photolysis  of  Cs,,  and  CsJ(r  . 
F.  nAV AMT.DO ~  F.  W.  LEE  and  C.  B.  COLLINS,  Univ.  of  Texas 
at  Dallas;  A.  S.  NAQVI ,  King  Saud  Univ.  of  Riyadh.— In 
this  work  a  time-delayed,  double  resonance  technique 
was  used  for  the  study  of  the  state  selective  photolysis 
Cs  and  Cs_Kr  with  particular  attention  being  placed 
onthe  production  of  the  fine  structure  components  of 
the  52D  state  of  Cs.  Not  only  were  the  prompt  sources 
from  dissociation  and  predissociation  of  excited  states 
of  CsKr  and  Cs2Kr  confirmed,  but  new  kinetic  channels 
for  delayed  photolysis  were  found.  Over  the  visible 
wavelength  range  two  delayed  processes  for  the  produc¬ 
tion  of  Cs(5ZD)  atoms  were  characterized.  One  appeared 
to  involve  the  intermediate  production  of  CsKr  (7pll) 
and  the  other  was  tentative^  identified  as  proceeding 
through  the  precursor,  Cs2  (  Au)  . 

Supported  by  NSF  Grant  PHY  80-19525. 


IA-12  Solar  Photodetachment  Rate  of  Atomic  Anions  -  E.M. 

Helmy,  Delaware  State  College  and  S.B.  Woo,  Univ.  of 
Delaware*  —  The  solar  detachment  rates  of  all  stable 
atomic  anions  belonging  to  elements  in  the  main  body  of 
the  periodic  table  have  been  calculated.  Multi-channel 
photodetachment  effects  owing  to  fine  structure  levels^ 
and  temperature  effects  are  included  in  the  treatment. 
All^told  the  solar  detachment  rates  of  thirty-one 
anions  at  300°K  and  10,000°K  are  made  available.  The 
rates  show  strong  correlation  to  the  column  position  in 
the  periodic  table.  The  higher  the  column-number  of  the 
element  is  the  lower  will  be  its  detachment  rate.  Cesium 
has  the  highest  deta  hment  rate  of  82  sec--^-.  Fluorine 
has  the  lowest  rate  of  0,069  sec-^.  This  implies  that 
the  life  time,  if  controlled  by  photodetachment,  of  Cs“ 
in  the  ionsphere  is  only  about  1/1,000  that  of  F". 
Implications  of  this  drastic  difference  in  life  time 
will  be  discussed. 

*  Supp' "t ed  by  AR0  Grant  DAAG  29-81 -G-0001 
^W .. B .  (..iuulus,  R.M.  Stehraan  and  S.B.  Woo,  "Extended  zero 
cor'—  c-ucribution model  applied  to  multichannel  photo- 
dr-i  . -h.nent",  to  be  published  in  the  Jan.  issue  of  Phys. 

A,  1983. 
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IB-1  Near -Threshold  Vibrational  Excitation  in  Electron- 
CO?  Collisions — A  Simple  Model  -  B.  L.  WHITTEN,  Lawrence 
Livermore  Natl.  Lab.,  and  N.  F.  LANE,  Rice  U.*— -A  simple 
two-state  numerical  model  is  used  to  illustrate  the  in¬ 
fluence  of  strong  low-energy  ag  scattering  on  near¬ 
threshold  excitation  of  the  different  vibrational  modes 
of  CO2.  In  the  case  of  000*100  symmetric-stretch 
excitation,  the  model  provides  an  extrapolation  of  a 
previously-determined  adiabatic-nuclei  result  down  to 
threshold.  For  all  modes,  the  "virtual-state"  feature 
of  the  0g  scattering  gives  rise  to  strong  enhancement  of 
the  excitation  cross  sections  just  above  threshold.  The 
calculated  cross  sections  for  all  modes  are  reasonably 
consistent  with  low  energy  beam  and  swarm  measurements. 

*Wor k  supported  by  U.S.  D.O.E.  by  LLNL  under  contract 
#W-7405-Eng-48,  Office  of  Basic  Energy  Sciences,  and  the 
Robert  A.  Welch  Foundation. 


IB-2  Non-Maxwell ian  Electrons  in  a  Laser  Produced 
Sodium  Plasma-W.L.  MORGAN,  Lawrence  Livermore  Nat.  Labt-- 
Time  dependent  Boltzmann  calculations  of  the  electron 
energy  distribution  function  in  a  laser  excited  Na  plasma 
will  be  presented.  Such  non-LTE  plasmas  are  produced  in 
alkali  metal  vapor,  such  as  in  the  Lucatorto  and  Mcllrath1 
experiment,  by  laser  irradiation  of  the  ns-np  resonance 
line.  The  electrons  in  such  plasmas  are  heated  by  super¬ 
elastic  collisions  with  atoms  in  the  np  state.  The 
distribution  of  electrons  in  energy  is  characterized  by 
a  series  of  spikes  at  energies  separated  by  Ae=e(np)-e(ns) . 
This  feature  had  been  suggested  by  Morgan,  et  al.2  and 
has  recently  been  observed  in  the  laboratory  by  Le  Gouet, 
et  al . 3 

*Work  supported  by  the  Univ.  of  California,  Lawrence 
Livermore  Nat.  Lab.  under  DOE  Contract  #W-7405-ENG-48. 

1 T . B .  Lucatorto  and  T.J.  Mcllrath,  Phys.  Rev.  Letts.  37.’ 

428  (1976). 

2W.L.  Morgan,  R.D.  Franklin,  and  R.A.  Haas,  Appl .  Phys. 
Letts.  38,  1  (1981). 

3J.L.  Le  Gouet,  O.L.  Picqu6,  et.  al.,  Phys.  Rev.  Letts. 

48,  600  (1982/. 
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Electron  Impact  Collision  Strengths  for  Excitatior 
from  the  2p  Levels  to  All  Levels  with  n  =  3,  4  and  5  in 


He-like  Ions  -  D.  H.  SAMPSON  and  S.  J.  GOETT,  Penn  State 
Univ*. ,  R.  E.  H.  CLARK,  Los  Alamos  Nat.  Lab.  -  A  Coulomb- 
Born-Exchange  Method  that  is  well  suited  for  treating 
many  members  of  an  isoelectronic  sequence  simultaneously 
has  been  used  to  calculate  electron  impact  collision 
strengths  for  all  transitions  of  the  kind  ls2p^S+lp 
lsn'J.'^^  L '  ,  with  n'  =  3,4  and  5  in  20  different 
He-like  ions  with  nuclear  charge  number  Z  ^  4.  For  each 
transition  the  calculations  have  been  made  for  the  9  im¬ 
pact  electron  energies  in  threshold  units  e  =  1.0,  1.2, 
1.5,  1.9,  2.5,  4.0,  6.0,  10.0  and  15.0.  The  results 
have  been  fitted  to  simple  functions  of  the  impact  elec¬ 
tron  energy  that  are  readily  integrated  over  a  Maxwellian 
to  obtain  collision  rates.  The  parameters  for  obtaining 
collision  strengths  and  rates  for  excitation  from  the 
ls^  and  ls2s^S+ls  levels  to  all  levels  with  higher 
n  values  £  5  are  also  given.  The  calculated  collision 
strengths  include  the  effects  of  intermediate  coupling, 
but  do  not  include  the  effects  of  resonances. 

*Supported  by  the  U.S.  Department  of  Energy  Contract 
DE-AC02-76ET53056 . 


IB-4  Electron  Collisional  Excitation  of  Na  3P  Atoms 


to  the  3D  State  -  B.  STUMPF  and  A.  GALLAGHER,*  JILA, 
Univ.  of  Colo.  &  NBS — The  cross  section  Q  for  electron 


collisional  excitation  of  Na(3P)  J*3/2,  Mj=3/2  atoms 
to  the  3D  state  has  been  measured  for  electron  energies 
from  threshold  (1.5  eV)  to  1500  eV.  The  expected  high- 
energy  behavior  QE  =  A+B  log  E  is  observed  above  ~50  eV 
and  is  used  to  normalize  the  data  to  the  Born  cross 
section  at  high  energies.  Polarization  measurements 
are  under  way  to  correct  these  Q90  to  total  cross  sec¬ 
tions  and  to  obtain  additional  details  regarding  Ml 
dependences  of  the  cross  section.  The  cross  section  is 
observed  to  rise  very  abruptly  at  threshold,  essential¬ 
ly  within  our  electron  energy  resolution  of  0.3  eV,  to 
an  approximately  constant  value,  then  decrease  gradual¬ 
ly  above  ~20  eV.  The  3S+3D  excitation,  on  the  other 
hand,  is  observed  to  rise  much  more  gradually  above 
threshold.  This  abrupt  onset  for  3P-3D  is  reminiscent 
of  H  Lyman  a  threshold  excitation,  which  is  finite  at 
threshold  due  to  negative  ion  resonances,  but  the  Na 
level  structure  is  quite  different. 

Supported  by  Deutsche  Forschungsgemeinschaf t  and 
NSF  Grant  No.  PHY79-04928. 

*Staff  Member,  Quantum  Physics  Division,  NBS. 


IB-5  Plasma  Electron  Heating  in  a  DC  Multidipole 
Plasma. 

M.D.  HAWORTH  and  R.E.  KRIBEL, 

Auburn  U. —  Experimental  results  are  given  for  plasma 
electron  heating  by  isotropically  injected  test  elec¬ 
trons  in  a  DC  multidipole  plasma.  This  device  is  char¬ 
acterized  by  a  large  volume  of  plasma  with  essentially 
zero  magnetic  field,  along  with  uniform  electron  temper¬ 
ature  and  density  profiles.  Plasma  densities  range  from 
109  cm--*  to  10^  era--*  with  corresponding  electron  tem¬ 
peratures  of  10  eV  to  2  eV.  The  injection  energy  of  the 
test  electrons  is  kept  below  16  eV  to  prevent  further 
ionization  of  the  argon  plasma.  The  plasma  electron 
heating  rate  at  t  3  0  is  compared  with  theory  via  the 
Fokker-Planck  equation. 


IB-6  Effects  of  Electron  Loss  Due  to  Attachment  on 
Swarm  Parameters  in  SF^-Ng  Mixtures  -  L.C.  PITCHFORD*. 
Sandia  National  Laboratories,  and  A.V.  PHELPSt,  JILA, 

U.  of  Colorado  and  NBS — We  have  shown  that  the  effect  of 
electrons  lost  to  the  electron  energy  distribution  due  to 
attachment,  analogous  to  the  problem  of  the  inclusion  of 
electrons  born  in  ionization  events,  is  important  for  an 
accurate  calculation  of  electron  swarm  parameters  in 
SF6-N2  mixtures.  At  1  x  10"^  Vm2  and  100  ppm  SFg,  the 
drift  velocity  and  attachment  rate  coefficient  are 
reduced  by  11$  and  23 '/o,  respectively,  when  attachment  is 
properly  included  in  the  calculation.  Over  the  range  of 
SFg  concentrations  (1-100  ppm)  and  E/N  values 
(1-20  x  10“21  Vm2)  investigated  thus  far,  these  effects 
scale  with  the  ratio  of  the  attachment  to  the  energy 
exchange  frequency. 

*Supported  by  the  U.  S.  Department  of  Energy. 
tSupported  in  part  by  the  Army  Research  Office. 
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IB-7  Ion  Runaway  Induced  by  Model  Ion-Atom  Potentials 
-  I.  R.  GATLAND,  Georgia  Institute  of  Technology — The 
runaway  of  protons  and  deutrons  in  helium  gas,  predicted 
by  ion  mobility  calculations^-  and  later  observed  in  flow- 
drift  experiments^,  appears  to  be  associated  with  "soft" 
short  range  potentials.  To  obtain  more  information  about 
the  onset  of  runaway  the  phenomenon  is  being  simulated 
by  a  Monte-Carlo  calculation  based  on  a  truncated 
Coulombic  potential.  Such  macroscopic  effects  as  the 
rate  of  runaway  vs.  E/N  (ratio  of  applied  electric  field 
to  neutral  gas  number  density)  may  be  studied.  Also 
microscopic  features,  including  the  roles  of  small  angle 
scattering,  long  inter-collision  times,  and  the  neutral 
gas  velocity  distribution,  may  be  observed.  Results  so 
far  indicate  that  the  rate  of  runaway  is  an  exponentially 
increasing  function  of  E/N,  in  the  region  of  interest, 
and  that  the  initial  runaway  is  related  to  a  combination 
of  microscopic  features. 

^S.  L.  Lin,  I.  R.  Gatland,  and  E.  A.  Mason,  J.  Phys.  B. 

12,  4179  (1979). 

2 

F.  Howorka,  F.  C.  Fehsenfeld,  and  D.  L.  Albritton, 

J.  Phys.  B.  12,  4189  (1979). 
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IB-9  Wave  Propagation  During  Ignition  of  Low  Pressure 
Hg-Rare  Gas  Discharges  -  J.  F.  LOWRY  and  M.  D.  NAHEMOW, 
Westinghouse  R&D  Center  —  We  have  investigated  the 
ignition  process  in  low  pressure  mercury  -  rare  gas 
mixtures  (1  mTorr  Hg,  2.5  Torr  rare  gas)  contained  in 
3.8  cm  diameter  cylindrical  glass  tubes  having  a  thin 
internal  conductive  layer  with  a  thin  dielectric  overlay. 
Using  a  scanning  photodiode  and  synchronous  detector,  we 
observed  that  the  ignition  mechanism  involves  the  propa¬ 
gation  of  subacoustic  luminous  waves  from  the  electrode 
regions  —  a  relatively  intense  wave  from  the  anode  end 
and  a  weaker  wave  from  the  cathode.  If  the  applied 
voltage  is  sufficiently  high  the  waves  meet  to  form  a 
continuous  ionized  channel,  whereupon  ignition  occurs. 
Changes  in  the  resistivity  of  the  conductive  coating  and 
the  properties  (e.g.,  thickness,  dielectric  constant)  of 
the  dielectric  coating  affect  both  the  amplitudes  and 
velocities  of  the  luminous  plasma  waves.  We  propose  a 
dielectric  wave  model  in  which  the  velocity  of  the  lumi¬ 
nous  front  in  the  plasma  is  controlled  by  the  dielectric 
properties  of  the  wall.  Wave  velocities  predicted  by 
the  model  are  in  close  agreement  with  measured  values. 


IB-10  The  Helical  Magnetic  Instability  of  Arcs  -  Theo- 
retical  and  Experimental  Determination  of  the  Growth 
Rate  -  H.  G.  HULSMANN,  J.  MENTEL,  Ruhr-Universitat 
Bochum  FRG+ —  We  have  developed  a  time  dependent  linear 
perturbation  theory  of  the  helical  magnetic  instability 
of  electric  arcs  including  an  external  axial  magnetic 
field  Bg.  The  main  differential  equations  are  the  mass-, 
momentum-  and  energy  balance,  its  solution  is  simplified 
by  introducing  a  channel  model  for  the  current  distribu¬ 
tion  and  by  omitting  the  mass  inertia.  We  have  calculated 
the  growth  rate XL  of  the  helix  amplitude  for  a  hydrogen 
arc  burning  in  a  water-cooled  tube  of  20  mm  diam.  at  a 
pressure  of  1040  mbar  in  dependence  on  the  current 
(•Q.'fcO  for  I  ^9.3  A,  Be  =  O)  and  in  dependence  on  B0 . 

The  growth  rates  are  a  function  of  the  pitch  with  a 
maximum  for  a  certain  value.  The  growing  of  an  arc  he¬ 
lix  of  this  critical  picch  with  the  corresponding  XL  is 
observed  when  the  arc  is  switched  suddenly  from  a  stable 
to  an  unstable  state  by  applying  rectangular  pulses  of  a 
supercritical  Bg .  XL  measured  in  this  way  agree  very  well 
with  theory.  To  determine  XL  experimentally  also  for 
Be  =  0  we  have  developed  an  automatic  control  loop  sta¬ 
bilization  of  the  unstable  arc  by  a  time  varying  axial 
magnetic  field.  XL  is  measured  by  turning  off  the  stabili¬ 


zation  for  a  short  time.-  Sponsored  by  DFG ,  FRG . 
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IB-12  Tempera  ir . --Dependent  Kinetics  of  XeF  Using 
SSRL  -  D.C.  LOKoNio,  K.Y.  TANG,  and  D.L.  HUEST1S,  SRI 
International,  rl.  :URRETT,  L.  HOUSTON,  and  G.K. 

WALTERS,  Rice  L. t--The  synchrotron  radiation  source  at 
SSKL  has  been  used  to  study  various  kinetic  processes 
in  the  formation  and  decay  of  XeF  at  temperatures  rang¬ 
ing  from  ~t>5°(.  to  200°C.  Photoexcitation  of  Xe  in 
Ar/Xe  and  Nc/Xe  mi  tures  containing  the  halogen  donors 
NF^,  N,Pb,  or  Xei'.;  ^:id  photodissociation  of  XeF2  was 
used  to  promt:  j  XeF  ,  whose  intensities  and  time  decays 
were;  measure-!  using  th^  fluorescence  at  350  and  470 
nm.  The  yio  '1  o*  XeF  were  measured  as  a  function  of 
Xe  level  i-i  the  i  ,  ,  Pj,  and  higher  states  for  each 
of  the  donors  as  well  as  for  NF?  obtained  from  dissoci¬ 
ation  ot  Nd’/,  a'  3'h)°C.  Formation  rates  from  Xe(JP^) 
and  1  ^  P,  }  were  »><»»;  a  Luen  from  the  time-dependent  fluo¬ 
rescence  by  mode  ti  ,g  sf  udies  arid  data  fitting.  Radia¬ 
tive  and  quetn  li j  r  ite  data  were  also  obtained.  The 
temperature  dt  pe  deive  >t  the  ratio  of  intensities  of 
the  B  an  J  C  state,-  it  \er  were  used  to  determine  the  B- 
C  energy  spjnrat  io> 

t Supported  by  cc:  emit  \u v  ■  c(  ..d  Research  Projects  Agency 
through  Office  or  I  Research  (SRI)  and  Office  of 

Basic  Energy  Sr.<i'c:^  of  Dept,  oi  tnergy  (Rice). 
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IB-13  Calculation  the  Charge  and  Radius  of  Break- 
down  Channels  in  East  aT Atmospheric  Pressure, 

B.Eliasson  and  S.Strassler,  Brown  Boveri  Research  Center, 

CH-5405  Baden,  Switzerland.  -  By  using  a  very  simple 

stationary  model  we  have  calculated  the  characteristic 

parameters  of  streamer  breakdown  in  an  arbitrary  gas  at 

around  atmospheric  pressure.  Our  approach  has  been 

based  on  the  concepts  of  runaway  electrons  as  presented 

recently  in  the  literature.  By  postulating  a  runaway 

condition  we  are  able  to  present  a  one-dimensional  model 

of  charge  propagation  as  a  function  of  overvoltage  and 

gas  density  times  gap  distance.  The  calculated  values 

for  0^,  N2»  and  air  are  compared  to  measured  values 

which  have  been  published  in  the  literature. 
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Runaway  Electrons  in  Fast  Gas  Discharges  - 
W.W.  BYSZEWSKI  and  G.  REINHOLD*,  GTE  Labs,  Inc.— 

Passive  x-ray  diagnostic  techniques  were  used  to  verify 
the  presence  of  runaway  electrons  in  transient  gas  dis¬ 
charges.  Impact  ionization  by  these  electrons  at  the 
front  of  the  avalanche  plays  a  major  role  in  breakdown 
development.  Runaway  electrons  stopped  by  the  anode 
produce  bremsstrahlung  and  characteristic  x-ray  radia¬ 
tion.  Radiation  in  the  keV  range  was  observed  and 
detected  in  a  transmission  line  pulse  system  used  to 
generate  highly  overvolted  conditions  in  a  test  gap. 

The  effect  of  the  type  of  gas,  its  pressure  and  the 
applied  voltage  will  be  presented.  The  results  will  be 
analyzed  with  respect  to  breakdown  development  described 
by  a  model  based  on  two  groups  of  electrons  present  in 
the  di s  charge . 1 

*0n  leave  from  University  of  Dusseldorf,  W.G. 


E.E.  Kunhardt,  W.W.  Byszewski,  Phys.  Rev.  A  21,  2069 
(1980). 


J_2  Electron  Shock  Structure  in  the  Electrical 
Breakdown  of  N?  -  H.  JURENKA  and  E.  BARRETO,  Atm.  Sci. 

Res.  Center,  State  U.  of  N.Y.  at  Albany*  -  -  A  low 
energy  spark  in  nitrogen  at  atmospheric  pressure  in  a 
uniform  field  and  between  metal  electrodes  (2  mm  apart) 
shows  a  characteristic  25°  cone  of  luminosity^.  When  the 
energy  available  for  the  discharge  increases  from  o,2xl0-^ 
Joule,  a  considerably  brighter  core,  extending  from  the 
cathode  surface  into  the  gap,  appears  in  the  discharge 
channel  during  the  final  stage  of  the  breakdown.  The 
regularly  repeating  variation  of  luminosity  in  this 
filamentary  core  is  interpreted  as  evidence  of  supersonic 
flow  of  electrons,  provided  by  a  cathode  spot,  into  the 
previously  ionized  media  in  the  gap.  The  results  support 
the  concept  of  wave  propagation  through  the  collision 
dominated  electrons  in  the  fluid  dynamical  description 
of  the  electrical  breakdown  of  gases2,3. 

*Supported  by  the  Office  of  Naval  Research. 

^E.  Barreto,  Electrostatics  1979  (Institute  of  Physics, 
Bristol  and  London,  1979)  p.  135. 

^E.  Barreto,  S.I.  Reynolds,  and  H.  Jurenka,  J.  Appl.Phys. 
45,  3317  (1974). 

Vi.  Jurenka  and  E.  Barreto,  J.  Appl.  Phys.  5j3,  3581  (1982). 
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J-3  Dielectric  Collapse  in  Small  High  Pressure  Pis-  | 

charges  -  E.  Barreto  and  H.  Jurenka,  Atm.  Sci.  Res.  Ctr., 

SUNY  at  Albany,  NY  12222.*  In  a  2  mm  spark  in  air  at 
atmospheric  pressure  it  is  known  that  rapid  electron 
thermalization  and  subsequent  gas  heating  occur  when  the 
ion  density  reaches  1017cm-3.  Time  resolved  photography 
confirms  that  a  rapid  deposition  of  most  of  the  energy 
in  the  capacitance  is  preceded  by  a  comparatively  very 
long  time  of  the  order  of  10-6  sec  in  which  electrons 
are  maintained  through  Coulomb  interactions  as  a  hot  iso¬ 
tropic  gas.  The  rapid  energy  deposition  is  associated 
with  the  formation  of  a  single  cathode  cell  produced  by 
the  accumulation  of  ions  on  the  oxide  covered  cathode. 

Increase  of  the  available  energy  produces  enhanced 
emission  which  is  associated  with  the  onset  of  inter¬ 
action  between  the  plasma  in  the  gap  and  field  emission 
from  the  metal.  It  starts  only  a  few  nanoseconds  after 
the  plasma  becomes  strongly  ionized  and  leads  to  a  more 
"stable"  cathode  spot.  Thus  it  is  postulated  that  in 
gases,  liquids,  solids  and  even  vacuum  sparks  the  final 
collapse  is  associated  with  strong  gradients  at  an  inter¬ 
face  and  with  a  collision  dominated  isotropic  plasma  in 
which  electron  pressure  forces  dominate. 

*Work  supported  by  the  Office  of  Naval  Research. 
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Statistical  Delay  Times  and  Breakdown  Probabil- 
ity  in  N?,  Ar,  H ?,  and  SFg  -  R.V.  HODGES,  R.N.  VARNEY, 
and  J.F.  RILEY,  Lockheed  Palo  Alto  Research  Laboratory 
—  An  expression  for  the  probability  that  a  Free  elec- 
tron  in  a  spark  gap  will  initiate  breakdown  was  derived 
by  Wijsman  in  1 949. 1  We  have  obtained  breakdown 
probabilities  as  a  function  of  overvoltage  for  N2,  Ar, 
H2,  and  SFg  from  measurements  of  the  spark  delay  time 
in  a  uniform  field  gap  provided  with  a  small  current 
(~10~15  a)  of  free  electrons  by  UV  illumination  of  the 
cathode.  Laue  plots  of  the  delay  times  yielded 
straight  lines  with  slope  i0P,  where  i0  is  the  free 
electron  current  and  P  is  the  breakdown  probability. 
The  breakdown  probabilities  were  in  excellent  agreement 
with  theory  for  N2,  Ar,  and  H2,  but  not  for  SF5.  The 
deviation  in  SF§  was  greater  at  lower  E/N  where  elec¬ 
tron  attachment  is  stronger. 


1  R.  A.  Wijsman,  Phys.  Rev.  75^,  833  (1949). 


5  Initiation  of  Electron  Avalanches  by  Photo¬ 
detachment  in  Irradiated  Gaps  Containing  d?  or  SFfi - 
RV  "J.  VAN  BRUNT  and  M .  M I S  AkTAKT" Nation!  1  Bureau  of 
Standards*  -The  role  of  photodetachment  in  the 
initiation  of  electron  avalanches  near  a  positive  point 
electrode  was  investigated  using  radiation  between  254 
and  630  nm  from  a  chopped,  tunable  cw  laser  or  filtered 
Hg-discharge  lamp.  The  negative  ion  flux  was  controlled 
by  uv-i rradiation  of  the  cathode.  Consistent  with 
estimates  based  on  known  cross  sections,  photodetachment 
for  light  beams  with  intensities  up  to  450  mW  was  found 
to  make  a  negligible  contribution  to  avalanche 
initiation  in  SFg  or  O2  at  pressures  from  100  to  400  kPa. 
The  dominant  electron  release  mechanism  appears  to  be 
collisional  detachment.  Previously  reported1  enhance¬ 
ments  in  avalanche  rates  during  irradiation  of  a  positive 
point  can  be  explained  by  increases  in  negative  ion 
densities  arising  from  attachment  of  photoelectrons 
ejected  by  scattered  radiation. 


*Supported  by  U.  S.  Department  of  Energy 

XR.  J.  Van  Brunt  and  D.  Leep,  J.  Appl .  Phys.  52, 
6588  (1981). 
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Performance  Measurements  of  an  8  Liter  Self  Sus 


tained  Discharge  TEA  Laser  -  M.J.  PECHERSKY  and  R.J. 
SPREADBURY,  Westinghouse  R&D  Center*  —  A  series  of 
measurements  including  small  signal  gain,  near  field 
energy  extraction,  discharge  current  and  voltage  wave¬ 
forms  and  intra-pulse  density  variations  were  made  on  an 
8x10x100  cm^  UV  preionized  discharge.  The  main  gas  mix¬ 
tures  studied  were:  1:14:0.5  -  C02:N2:H2  and  1:7:8  - 
C02:N2:He.  Both  mixtures  operated  at  800  torr  and  room 
temperature  and  contained  30  ppm  of  Tripropylamine.  The 
parameters  varied  were:  pulse  width  (8,  12  &  16  ysec), 
energy  loading  (200-375  J/liter),  preionization  density, 
and  the  output  coupling  of  the  stable  resonator  (R  =  25, 
45  and  65%) .  The  extraction  measurements  yielded  outputs 
in  excess  of  500  Joule  for  both  mixtures  with  efficien¬ 
cies  of  about  20%.  The  effect  of  hydrogen  on  the  gain 
was  also  measured,  where  the  addition  of  H2  greatly  im¬ 
proved  small  signal  gain  in  mixtures  containing  no 
helium.  The  effect  of  reducing  the  rate  rise  of  current 
and  voltage  was  also  investigated.  A  strong  correlation 
between  rate  of  rise  and  energy  loading  was  observed. 

*Supported  in  part  by  DoD  Contract  DAAH01-81-A914  from 
the  U.S.  Array  Missile  Command. 


K-2  Hook  Measurements  in  Large  Copper  Lasers,  B 


E  WARNER  AND  G  V  SEELY,  LLNL*  —  The  modern  hoo 
method^  was  used  to  measure  excited  state 
populations  of  copper  and  neon  in  a  large  bore  copper 
vapor  laser.  Use  of  a  pulsed  dye  laser  light  source 
permitted  nanosecond  time  resolution  during  the 
excitation  pulse  of  the  copper  laser.  Spatially 
resolved  information  was  obtained  by  scanning  the 
probe  leg  of  the  interferometer  over  the  8  cm 
aperture.  Measurements  of  the  Cu  copper  laser 
levels  indicate  a  spacially  dependent  sequential 
excitation  due  to  plasma  skin  effects.  Relaxation  of 
the  CVL  plasma  to  its  prepulse  state  was  monitored 
through  measurement  of  var ious  copper  and  neon 
excited  states. 


♦This  work  was  performed  under  the  auspices  of  the 
U.  S.  Dept,  of  Energy  by  the  Lawrence  Livermore 
National  Laboratory  under  contract  #W-7405-ENG-78. 

*1.  Smilanski,  L.  A.  Levin,  &  G.  Erez,  Optics  Ltrs. 
5,  92  (1980). 


K-3  Larqe  Bore  Copper  Vapor  Laser  Discharge  Kinetics 
M.J.  KUSHNER  and  B.E.  WARNER,  LLNL*— A  temporally  and 
spatially  dependent  discharge  and  kinetics  code  is  used 
to  characterize  laser  performance  for  various 
geometries.  In  high  repetition  rate  CVL's  electron 
densities  in  excess  of  10i3/cnr  can  be  sustained. 

The  resulting  skin  depth  associated  with  the  penetration 
of  the  applied  electric  field  into  the  plasma  can  be 
comparable  to  or  less  than  the  diameter  of  the  discharge 
tube  for  lasers  greater  then  6  cm  in  diameter.  This 
results  in  a  time  and  spatially  dependent  excitation  of 
the  laser,  and  a  lengthening  of  the  laser  pulse  as  the 
diameter  of  the  discharge  tube  increases.  The  thermal 
stability  of  CVL  discharges  is  found  to  be  due  in  part 
to  a  more  uniform  heating  of  the  gas,  a  consequence  of 
skin  depth  effects. 

♦This  work  performed  under  the  auspices  of  the  U.  S. 
Dept,  of  Energy  by  the  Lawrence  Livermore  National 
Laboratory  under  contract  number  W-7405-ENG-78. 


K-4 


Aperture  Scaling  of  Discharge-Pumped  XeCl  Lasers, 

B.  L.  Wexler  and  R.  Burnham,  Naval  Research  Laboratory. 

In  order  to  study  the  scalability  of  discharge- 
pumped  rare-gas  halide  lasers,  we  have  operated  an  x-ray 
preionized  XeCl  laser  with  10  x  7.5  x  40  cm  discharge 
dimensions.  The  laser  has  been  pumped  by  an  0.67  ohm, 

200  nsec  water  line  charged  to  80  kV.  Output  pulses  of 
3.6  and  6.0  Joules  with  durations  of  100  and  150  nsec 
have  been  obtained  at  laser  pressures  of  2  and  3  atmo¬ 
spheres  respectively.  Discharge  widths  of  6-7  cm  are 
indicated  by  laser  burn  patterns.  The  overall  efficiency 
of  the  laser  with  respect  to  the  primary  energy-storage- 
capacitor  is  1.3%.  We  have  also  studied  the  effects 
of  varying  the  current  and  voltage  risetimes  of  the 
discharge  on  laser  output.  Results  of  these  studies 
indicate  that  scaling  to  discharge  volumes  consistent 
with  100  J  of  laser  output  should  be  possible  with  little 
sacrifice  in  efficiency. 
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LA-1  Volume  Production  of  Hydrogen  Negative  ions  in 
Plasmas.-  M.  Bacal*,  A.M.  Brurveteau,  M.  Nachman,  Bcole 
Poly technique,  Palaiseau,  France,  M.  Pealat,  J.P.E. 

Taran  and  J.  Taillet,  O^iN.E.R.A. ,  Chatillon,  France. - 
Volume  production  of  H“  and  D“  ions  in  plasma  has  been 
recently  found  to  be  a  useful  element  of  possible  high- 
power  negative-ion  based  neutral  beam  systems.  Experi¬ 
mental  evidence  for  volume  production  will  be  presented, 
based  on  measurements  of  high  density  (5  x  1010  cm-1) 
and  high  fractions  (10-35  %)  of  H~  and  D“  ions  in  plas¬ 
mas,  using  the  photodetachment  method,  and  on  measure¬ 
ments  of  ro-vibrational  populations  using  coherent  anti- 
Stokes  Raman  scattering  (CARS).  These  measurements  are 
discussed  in  terms  of  a  theoretical  model  relying  on  the 
assumption  that  the  dominant  negative  ion  production  pro¬ 
cess  is  dissociative  electron  attachment  to  highly  vi- 
brationally  excited  molecules1'2. 


♦Supported  by  the  Direction  des  Recherches,  Etudes  et 
Techniques  and  by  NATO  Research  Grant  060.81. 

1'J.N.  Bardsley  and  J.M.  Wadehra,  Phys.  Rev.  A20,  1398 
2  (1979). 

*M.  Allan  and  S.F.  Wong,  Phys.  Rev.  Lett.  41,  1791(1978) 


LA-2  Effect  of  Rot- Vibrational  Excitation  on  Dissocia- 
Ti7g~Attachment  of  H,,  -  J.M.  WADEHRA,  Wayne  State  L'niver- 
sity*— Resonant  scattering  model  is  used  to  calculate  the 
cross  sections  for  dissociative  attachment  of  electrons 
to  H_  when  the  molecule  is  both  rotational ly  and  vibra- 
tionally  excited.  The  cross  sections  are  obtained  for 
attachment  to  all  possible  (v,J)  levels  of  Hp.  It  is 
found  that  the  vibrational  excitation  is  more  important 
in  enhancing  the  cross  section  than  the  rotational  exci¬ 
tation.  For  example,  for  the  initial  states  (0,15), 

(2,8)  and  (3,0),  all  of  which  have  the  same  internal 
energy,  the  threshold  attachment  cross  sections  are 
3.1  (-1 9) ,  3.7 (-1 8)  and  6 . 0(-l 8 )  crn  ,  respectively. 

♦Supported  by  the  Research  Corporation  and  the  Air  Force 
Wright  Aeronautical  Laboratory. 
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LA- 3  Measurement  of  Attachment  Coefficients  at  High 
Pressures--^.  SLETZINGER,  Air  Force  Wright  Aeronautical 
Laboratories,  WPAFB,  OHIO--Attachment  coefficients  can  be 
determined  from  the  decay  characteristics  of  discharges 
ionized  by  a  pulsed  electron  beam.  As  little  as  0,015% 
of  an  attaching  gas  was  added  to  a  non-attaching  carrier 
gas  (CH,  at  atmospheric  pressure).  Using  a  nonlinear 
least  square  fit,  both  attachment  and  recombination  co¬ 
efficients  were  determined  as  a  function  of  the  reduced 
electric  field.  Since  in  an  E-beam  ionized  discharge 
the  cathode  fall  voltage  depends  on  many  parameters,  it 
was  measured  for  each  discharge  condition  using  a  movable 
electrode.  To  improve  the  switch-off  characteristics  of 
E-beam  controlled  switches,  gases  with  an  attachment  co¬ 
efficient  sharply  increasing  with  the  applied  electric 
field  are  desired.  Recently  proposed  as  well  as  other 
gases  with  such  attachment  characteristics  have  been 
measured.  Some  of  the  halocarbon  gases  such  as 
show  the  increasing  attachment  rate  as  well  as  goodb 
stability  under  E-beam  discharge  conditions,  however  not 
at  the  desired  reduced  electric  field.  Measurements  for 
C3Fg,  ^3’  and  other  attachers  will  be  reported. 

\.G.  Christophorou  et.al .  ,Appl  .Phys  .Lett. 41  ,147,  JUL82. 


LA-4  Measurements  of  Attachment  and  Ionization 
Coefficients  in  CC&4*  -  D.  K.  DAVIES,  Westinghouse  R&D 
Center  —  Measurements  of  attachment  (r)/N)  and  ionization 
(a/N)  coefficients  together  with  negative-  and  positive- 
ion  mobilities  have  been  made  in  pure  CC&4  over  the  range 
300  _<  E/N  950  x  10-17  vcm2  us£ng  a  pulsed  drift  tube. 
Measurements  of  electron  drift  velocity  have  been 
restricted  to  the  range  850  £  E/N  £  950  x  10“17  Vcm^  due 
to  the  large  attachment  coefficient  which  increases  with 
decreasing  E/N.  The  limiting  value  of  E/N,  (E/N)*,  at 
which  a  =  n,  is  determined  to  be  (880  +  2)  x  10~17  Vcm^. 
In  the  vicinity  of  (E/N)*,  the  net  ionization  coefficient 
(a  -  f|)/N,  increases  linearly  with  increasing  E/N, 
characteristic  of  strongly-attaching  gases.  Over  the 
respective  ranges  650  <  E/N  _<  950  x  10“17  Vcm^  and 
750  _<  E/N  950  x  10-17- ' Vcm2  the  coefficients  (a  -  i~|)/N 
and  a/N  (in  cm2)  are  described  to  within  +  3%  by  (a-r])/N 
=  3.81  x  lO-1?  [(E/N)  -  (E/N)*]  and  a/N  =  2.73  x  10-14 
exp  [-6000/(E/N) ] ,  where  E/N  is  in  units  of  10~17  Vcm^ . 
The  arrival  spectra  of  both  negative  and  positive  ions 
are  dominated  by  a  single  species.  In  the  ionization 
region,  the  negative-ion  mobility  is  approximately  twice 
the  positive-ion  mobility. 


*Supported  in  part  by  Aero  Propulsion  Laboratory, 
Wright-Patterson  AFB,  Contract  F33615-79-C-2074 . 


LA- 5  A  Swarm  Study  of  Electron  Attachment  to  the 

Perfluoroalkanes  -  S.  R.  HUNTER  and  L.  G.  CHRISTOPHOROU, 
ORNL* — Total  electron  attachment  rate  constants,  ka,  for 
the  perfluoroalkane  series,  CnF2N+2»  where  N  =  1  to  6, 
have  been  measured  in  high  pressure  (0.133  MPa  <  PT  < 

1.6  MPa)  buffer  gases  of  N2  and  Ar  over  the  mean  electron 
energy,  <  e  >  ,  range  of  0.04  to  4.8  eV.  The  ka«  e  >  )  for 
CF4  and  C2Fg  are  independent  of  PT  since  these  molecules 
capture  electrons  dissociatively .  The  ka(<  e  >  )  for  the 
larger  perfluoroalkanes  are  very  dependent  on  PT  since 
for  these  molecules  moderately  short-lived  parent  nega¬ 
tive  ions  are  formed.  As  the  size  of  the  molecule 
increases,  however,  the  parent  negative  ion  lifetime 
increases,  and  ka(<  e  >  )  again  becomes  pressure  indepen¬ 
dent  over  the  pressure  range  of  our  experiments.  From 
the  measured  ka (<  £  >  ) ,  we  have  obtained  electron  attach¬ 
ment  cross  sections  using  a  swarm  unfolding  technique. 
These  measurements  are  compared  with  the  relative  cross 
sections  obtained  in  a  beam  experiment.1 

♦Operated  for  USDOE  by  Union  Carbide  Corporation  under 
contract  W-7405-eng-26. 

1S.  M.  Spyrou,  I.  Sauers,  and  L.  G.  Christophorou, 
submitted  to  Journal  of  Chemical  Physics. 


LA-6  Fragmentation  of  Fluoroethers  and  Fluorosulphides 
Under  Low-Energy  (<10  eV)  Electron  Impact  -  S.  M.  SPYROU 
and  L.  G.  CHRISTOPHOROU,  ORNL* — Fragment  negative  ions 
from  four  fluoroethers  (CF3OCF3,  CF3OCF2H,  CF2HOCF2H,  and 
CF3OCH3)  and  two  fluorosulphides  (CF3SCF3  and  CF3SCH3) 
formed  by  low-energy  (0-10  eV)  electron  impact  have  been 
studied  using  a  time-of-f light  mass  spectrometer.  The 
types  and  relative  intensities  of  these  fragment  anions 
depend  strongly  on  the  number  and  relative  position  of 
the  fluorine  atoms  in  the  molecule  and  on  the  O  to  S 
substitution.  The  observed  negative  ions  (in  decreasing 
order  of  intensity)  are:  F-  and  CF3O-  from  CF3OCF3 ; 

CF30",  HF2~,  F",  CFO“,  and  CF3"  from  CF3OCF2H;  CF30~, 
HF2-,  F“,  and  CFO-  from  CF2HOCF2H;  F"  from  CF3OCH3 ;  CF3S~ 
and  F_  from  CF3SCF3;  CF3S-  from  CF3SCH3.  The  fluoro¬ 
sulphides  attach  electrons  of  lower  energy  than  the 
fluoroethers.  The  magnitude  of  the  total  cross  section 
for  negative  ion  formation  increases1  with  increasing  F 
substitution. 

♦Operated  for  USDOE  by  Union  Carbide  Corporation  under 
contract  W-7405-eng-26 . 

1 

S.  R.  Hunter  and  L.  G.  Christophorou,  Journal  of 
Chemical  Physics  (to  be  published) . 
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LB-1  Theory  of  Trichel  Pulses  in  Oxygen  -  R.  Morrow 
and  J.J.  Lowke,  CSIRO,  Division  of  Applied  Physics, 
Sydney,  Australia  2070. — Theoretical  predictions  have 
been  made  which  describe  "Trichel  Pulse'  corona  in  oxygen 
between  a  negative  sphere  and  a  positive  plane.  The 
continuity  equations  for  electrons,  positive  ions  and 
negative  ions  are  solved  numerically,  together  with 
Poisson's  equation.  The  effects  of  ionization,  attach¬ 
ment,  drift,  recombination,  electron  diffusion  and  photo 
emission  from  electrodes  are  included.  The  distortion  of 
the  electric  field  due  to  space-charge  is  calculated 
using  the  'cylinder  method',  modified  to  include  images 
of  space-charges  in  the  sphere  and  the  plane.  Results 
have  been  calculated  for  the  experimental  results  of 
Bugge1  for  oxygen  at  50  torr  for  an  applied  voltage  of 
2160  V.  We  obtain  fair  agreement  with  the  experimental 
pulse  rise  times  of  20  ns,  pulse  widths  of  50  ns,  pulse 
currents  of  1  mA,  and  pulse  repetition  frequencies  of 
100  kHz.  Effects  of  variations  of  pressure  and  zero 
attachment  are  also  calculated. 

1C.  Bugge,  Technical  Report  EIP  68-1,  Norwegian  Institute 
of  Technology  (1968) . 


Toward  a  Fundamental  Model  for  Steady 


Point-Plane  Coronas--B.  L.  Henson,  University 
of  Missouri-St,  Louis--Poi sson  1  s  equation, 
expressed  in  prolate  spheroidal  coordinates, 
is  used  as  a  basis  for  the  development  of  a 
mathematical  model  for  the  space  charge  region 
of  point  to  plane  coronas  in  the  steady  regime. 
Arbitrary  geometries  are  initially  assumed  for 
both  the  surface  of  the  point  electrode  and 
the  corresponding  corona  glow  discharge  boun¬ 
dary.  Also  in  the  initial  equations  an  ar¬ 
bitrary  field  dependent  mobility  model  for 
charge  transport  is  used.  In  the  model's 
more  general  form  the  analysis  culminates  in 
an  integral-differential  equation  whose  solu¬ 
tion  yields  the  potential  distribution.  Cy¬ 
lindrical  ly  symmetrical  solutions  of  this 
equation  for  constant  charge  carrier  mobili¬ 
ties  are  discussed  with  respect  to  their  corre¬ 
lation  with  known  laws  and  other  empirical 


relations  for  coronas. 
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l_g_3  A  Simple  Model  of  Laser-Triggered  Breakdown-P.F. 
WILLIAMS  and  R.A.  DOUGAL,  Texas  Tech* — We  present  a 
simple  model  of  the  closing  phase  of  gas-filled,  laser- 
triggered,  spark  gap  switches.  The  model  is  based  on  a 
process,  which  has  *'een  applied  to  conventional  over- 
volted  breakdown  by  several  researchers, 1  ’ 2«.in  which  the 
gas  conductivity  is  continuously  enhanced  due  to  ohmic 
heating.  Results  of  preliminary  numerical  calculations 
based  on  this  model  which  describe  well  the  qualitative 
features  of  laser-triggered  electrical  breakdown  will  be 
presented.  Properly  implemented,  the  model  should  serve 
as  a  suitable  basis  for  a  reliable  numerical  algorithm 
for  the  engineering  design  of  laser-triggered  spark  gap 
switches . 


*Supported  by  AFOSR  Contract  No.  F49620-79-C-0191. 

1E.  Marode,  F.  Bastien,  and  M.  Bakker,  J.  Appl.  Phys. 

50,  140  (1979). 

2M.  Kekez,  M.  R.  Barrault,  and  J.  D.  Craggs,  J.  Phys.  D: 
Appl.  Phys.  _3,  1886  (1970);  and  references  therein. 


i  r_a  Spectral  and  Temporal  Evolution  of  Laser  Break- 


down  in  SF£  -  P.  J.  HARGIS,  JR.,  Sandia  National  Labora¬ 
tories* — Experiments  were  carried  out  on  the  initiation 
of  gas  breakdown  in  SF^  by  a  Q,- switched  NdtYAG  laser 
operated  at  wavelengths  of  266-nm  and  1064-nm.  Light 
emitted  by  the  breakdown  spark  was  recorded  with  a  spec¬ 
tral  resolution  of  0.1  nm  over  the  pressure  range  from 
10-Torr  to  1000-Torr  SFg.  Strong  molecular  emission  from 
the  multiphoton  photodissociation  of  SFg  was  observed 
from  the  266-nm  laser  spark  for  gas  pressures  below  100 
Torr;  whereas,  molecular  emission  was  completely  absent 
from  the  1064-nm  laser  spark.  Above  100  Torr,  both  the 
266-nm  and  1064-nm  spark  spectra  were  dominated  by  atomic 
fluorine  emission  and  a  blackbody  continuum.  A  fast 
photodiode  was  used  to  record  the  temporal  evolution  of 
the  breakdown  spark  with  a  resolution  of  0.5  nsec.  Time 
scales  for  the  formation  of  the  breakdown  spark  are  much 
slower  at  1064-nm  than  at  266-nm.  The  data  presented  in 
this  paper  demonstrate  the  importance  of  multiphoton 
photodissociation  in  the  threshold  region  of  gas  break¬ 
down  at  266-nm.  The  data  also  demonstrate  that  the 
threshold  for  gas  breakdown  in  SFg  is  determined  by  laser 
fluence  rather  than  intensity  at  both  266-nm  and  1064-nm. 


♦This  work  supported  by  the  U.S.  Department  of  Energy. 
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id  g  Multifrequency  Laser  Breakdown  in  SF^  - 
P.  J.  HARGIS,  JR.,  L.  C.  PITCHFORD,  T.  A.  GREEN, 

J.  R.  WOODWORTH,  and  R.  A.  HAMIL,  Sandia  National  Labora¬ 
tories* — A  Q-switched  NdrYAG  laser  was  used  to  study  the 
effect  of  the  simultaneous  presence  of  266-nm  and  1064-nm 
laser  pulses  on  optical  breakdown  in  SF^.  When  both 
pulses  were  spatially  and  temporally  overlapped  in  the 
center  of  a  gas  cell  containing  1000 -Torr  SFg,  the 
intensity  of  the  breakdown  spark  was  enhanced  by  factors  . 
of  3  to  10  over  that  produced  by  either  laser  pulse  alone. 
The  spectrum  of  the  enhanced  laser  spark  showed  an 
increase  in  the  atomic  fluorine  emission  and  blackbody 
continuum  with  no  increase  in  the  molecular  emission  asso¬ 
ciated  with  the  266-nm  multiphoton  photodissociation  of 
SFg.  In  addition,  the  enhanced  spark  preserved  the  fast 
risetime  characteristic  of  266-nm  laser  breakdown  in  SFg. 
These  results  are  consistent  with  the  concept  that  the 
266-nm  laser  pulse  produces  a  source  of  seed  electrons  by 
the  rapid  multiphoton  ionization  of  SFg  followed  by 
heating  and  enhancement  of  the  seed  electrons  by  the 
1064-nm  laser  pulse.  Results  on  the  multifrequency  laser 
triggering  of  a  500-kV  SFg-insulated  switch  will  also  be 
presented  in  this  paper. 

*This  work  supported  by  the  U.S.  Department  of  Energy. 


LB-6  A  Parametric  Study  of  Laser  Triggering  of  a 
500-kV  Gas-Filled  Switch  -  J.R.  WOODWORTH  and  P.J. 
HARGIS,  JR.  Sandia  National  Labs*  -  We  have  per¬ 
formed  a  parametric  study  of  laser  triggering  of  a 
500— kV,  SFg— insulated  electric  switch.  Laser  wave¬ 
lengths  of  248  nm,  266  nm,  and  1064  nm  and  laser 
pulselengths  of  2  nsec,  4  nsec  and  20  nsec  were  used 
^iSSfir  the  switch.  Triggering  was  accomplished  by 
focusing  the  laser  output  to  form  a  breakdown  arc  in 
the  SFg  between  the  switch  electrodes.  We  find  that 
triggering  in  the  UV  (248,  266  nm)  gives  results  which 
are  a  dramatic  improvement  over  triggering  in  the  IR 
(1064  nm) .  Switch  breakdown  jitter  of  less  than  0.2 
nsec  was  obtained  with  UV  laser  triggering.  Our 
results  also  indicate  that  the  optimum  laser  pulse- 
length  is  equal  to  the  turn-on  time  of  the  switch, 
i.e.,  the  time  between  the  arrival  of  the  laser  pulse 
in  the  switch  and  the  rise  of  the  switch  current 
pulse.  Implications  for  large  multi-switch  systems 
will  be  discussed. 

♦Supported  by  USD0E  DE-AC04-76DP00789. 
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LB-7 


Theory  of  R.F.  Breakdown  in  Nitrogen  -  R.  Morrow, 
CSIRO,  Division  of  Applied  Physics,  Sydney,  Australia 
2070. — Theoretical  predictions  are  presented  of  the 
development  of  R.F.  breakdown  in  nitrogen  in  a  parallel 
plate  electrode  system  with  a  10  MHz  radio  frequency 
voltage  applied.  The  continuity  equations  for  electrons 
and  positive  ions,  including  ionization  and  photo¬ 
emission  from  the  electrodes,  are  solved  numerically, 
together  with  Poisson's  equation.  The  effect  of  space- 
charge  on  the  electric  field  is  calculated  using  the 
cylinder  method,  with  multiple  images  in  the  electrodes. 
Results  for  nitrogen  at  90  torr  show  that  with  an 
electrode  separation  of  3  cm  and  a  10  MHz  voltage  of  16.7 
kv  peak,  most  of  the  ionization  occurs  near  the  centre  of 
the  gap,  with  only  a  small  contribution  from  the 
electrodes  due  to  photo-emission.  Preliminary  results 
give  comparable  times  to  breakdown  to  those  measured  in 
air  by  Haydon  et  al 1 . 

JS.C.  Haydon,  I.C.  Plumb  and  G.A.  Woolsey  "Studies  of 
Electrical  Charges  and  Plumes  on  High  Power  H.F.  Aerials" 
III,  Dept  of  Phy,  UNE.  Australia. 


LB-8  Breakdown  of  Rod-Plane  Gaps  under  High  Frequency 
Voltages  -  M.  S.  AfeOU-SEADA,  H.  ANIS  and  $.  M.  SALEM, 
Cairo  U.  Egypt- - 

A  theoretical  study  of  breakdown  in  air-gaps  under 
simulated  oscillatory  surges  is  conducted.  The  surges 
are  made  up  of  high  frequency  voltages  superimposed  upon 
a  dc  bias.  This  combination  serves  to  simulate  switching 
surges  in  power  systems  when  a  power  line  is  energized. 
Breakdown  is  said  to  occur  when  the  travel  distance  of 
the  positive  space  charge  lies  within  the  physical ly 
determined  boundaries  of  the  ionization  zone.  The  model 
is  applied  to  rod-plane  gaps  of  various  dimensions  and 
under  frequencies  of  oscillation  up  to  1  MHz.  It  is 
found  that  the  breakdown  field  decays  with  increasing 
product  of  the  frequency  and  the  rod's  radius  of  curva¬ 
ture,  but  at  a  slower  rate  as  the  dc  bias  is  increased. 
The  calculated  breakdown  voltages  are  compared  to 
published  experimental  results  of  breakdown  in  air  gaps 
subjected  to  high  frequency  voltages.  A  reasonable 
agreement  is  reported. 


I  D  _  Q 

5  Two  Dimensional  Description  of  the  Development 
of  Transient  Gas  Discharges  -  W.W.  BYSZEWSKI,  K.C.  CHUNG 
and  J.M.  PROUD,  GTE  Labs,  Inc. — Development  of  fast  gas 
discharges  between  plane-parallel  electrodes  was  theore¬ 
tically  modeled  in  axial  symmetry.  Continuity  equations 
for  electrons  and  for  positive  and  negative  ions  togeth¬ 
er  with  Poisson's  equation  formed  a  hyperbolic  system  of 
partial  differential  equations.  This  system  was  solved 
numerically  with  boundary  conditions  governed  by  circuit 
impedance  and  secondary  processes  on  electrodes.  A 
finite  difference  nethod  with  fourth  order  Runge-Kutta 
techniques  and  Fast  Fourier  Transformation  was  applied. 
The  effect  of  initial  ionization  and  the  sensitivity  of 
the  solution  to  the  accuracy  of  the  data  for  material 
properties  have  been  analyzed.  Some  results  for  N.,  and 
SFg  will  be  shown.  The  current  waveform  and  the 
formative  lag  time  will  be  compared  with  experimental 
data  obtained  in  a  transmission  line  pulse  system.  The 
space  dependence  of  the  particle  density  and  electric 
field  will  be  presented  and  discussed. 


LB-10  Simulation  of  Probability  Distributions  for  the 
Breakdown  Voltage  of  Surface  Discharges  M.  J.  KUSHnER, 
LLNL*— Probability  distributions  for  the  breakdown  volt- 
age  between  closely  spaced  electrodes  (=*10  mils)  on 
insulated  surfaces  are  studied  with  results  from  a  Monte 
Carlo  simulation.  The  probability  distributions,  experi¬ 
mentally  measured  to  be  bimodal  under  certain  condi¬ 
tions/  are  found  to  be  characterized  by  the  number  of 
ionizations  per  primary  electron  emitted  at  the  triple 
junction  that  is  required  to  initiate  the  electron 
avalanche.  Bimodal  distributions  represent  a  transition 
region  between  low  variance  and  high  variance  normal 
distributions,  requiring  low  and  high  multiplication  co¬ 
efficients,  respectively,  for  the  avalanche  to  occur. 
Preionization  and  low  elect. on  loss  rates  to  the  surface 
not  only  lower  the  breakdown  voltage  but  also  reduce  bi¬ 
modal  distributions  to  single  distributions. 

♦This  work  performed  under  the  auspices  of  the  U.  S. 
Dept,  of  Energy  by  the  Lawrence  Livermore  National 
Laboratory  under  contract  number  W-7405-ENG-78. 

1-E.  W.  Gray,  D.  J.  Harrington,  J.  Appl.  Phys.  53,  237 
(1982) 


129 


LB-11  Analysis  of  Discharge  Damage  and  Breakdown  in 
Gaseous  Cavities  in  Insulating  Materials  —  A. A.  HOSSAM- 
ELDIN,  U.  of  Alexandria,  Egypt  -- 

Insulating  systems  invariably  contain  some  micro¬ 
cavities  within  the  insulation  or  on  boundaries  between 
the  insulation  and  the  electrodes.  These  cavities  are 
filled  with  a  gas  or  liquid  having  a  lower  electric 
strength  than  the  main  dielectric.  Partial  discharges 
in  cavities  lead  to  the  deterioration  and  complete  break¬ 
down  of  insulating  media. 

Ion  and  electron  bombardment  have  been  considered 
as  independently  accountable  for  the  failure  of  dielect¬ 
rics  by  sustained  partial  discharges.  However,  experi¬ 
mental  results  indicate  that  electron  bombardment  is 
primarily  dominant  and  that  the  rate  of  degradation  is 
accelerated  linearly  by  increasing  the  frequency,  magni¬ 
tude  and  time  of  applied  voltage.  Furthermore  filling 
the  cavities  with  hydrogen  or  helium  gases,  at  slightly 
higher  pressures  than  atmospheric,  or  even  by  insulating 
liquids  decreases  the  rate  of  deterioration  and  increases 
the  life  time. 
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MA-1  Velocity  Dependent  Total  Scattering 
Cross  Sections  for  Metastable  Helium  on  He,  Ne, 
Ar,  Kr  and  Xe^  J . W .  SHELDON  and  K.A.  HARDY, 
Florida  International  Univ.  -  The  title  data  are 
obtained  by  measuring  the  attenuation  of  a  time- 
of  flight  analyzed  metastable  helium  beam  on 
passing  through  a  collision  cell.  The  computer 
interactive  experiment  allows  extended  data  ac¬ 
quisition  times  and  thereby  provides  precise  da¬ 
ta  over  a  wider  relative  velocity  range  than  was 
previously  accessible . ^  The  velocity  dependence 
of  the  He*  +  He  cross  section  is  relatively  flat 
and  monotonic  over  the  observed  1600  m/s  to  5000 
m/s  velocity  range.  As  heavier  rare  gas  targets 
are  used  the  long  range  van  der  Waal  forces  are 
stronger  and  the  available  minimum  relative  ve¬ 
locity  is  lower  so  that  with  argon  one  glory  un¬ 
dulation  in  the  cross  section  is  observed  and 
with  xenon  two  undulations  are  resolved. 

^Supported  by  the  Research  Corporation 

•*-E.W.  Rothe,  R.H.  Neynaber  and  S.M.  Trujillo,  J. 

Chem,  Phys.  42,  3310  (1966). 


MA-2 


Temperature  Dependence  of  De-excitation  Rate 
Constants  for  Neon  Excited  Atoms  -  C.  AKOSHILE*,  JERRY 
CLARK*  and  A.  J.  CUNNINGHAM,  Univ.  of  Texas  at  Dallas. - 
Investigations  of  de-excitation  processes  for  neon 
excited  atoms  in  their  parent  gas  and  in  helium  neon 
mixtures  are  reported.  The  studies  were  conducted  at 
temperatures  of  150,  300  and  400°K  and  de-excitation 
rate  constants  of  Ne  (^P2>  ^^1  and  P())by  Ne  and  He 
were  determined  using  time  resolved  absorption  spec¬ 
troscopy.  The  measured  temperature  dependence  of  both 
the  two-  and  three-body  rate  coefficients  indicate  the 
need  for  refinements  of  available  potential  curves. 

*Supported  by  the  University  of  Texas  at  Dallas'  organ¬ 
ized  research  funds. 
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MA-3  The  Ionization  Coefficient  in  Ar-Hg  Mixtures  - 
A.L.J.  BURGMANS,  and  A.H.M.  SMEETS,  Philips  Research 
Labs . ,  Eindhoven ,  The  Netherlands .  —  The  first  Townsend 
ionization  coefficient 1  is  measured  in  Ar-Hg  mixtures 
for  E/n  values  between  6x1Q“21  Vm®  and  2x10“’'®  Vm®  and 
for  a  mercury  atom  fraction  varying  from  2x10“4  to 
2x10"2.  The  experiments  are  performed  with  a  parallel- 
-plate  apparatus  in  which  the  current  is  measured  as  a 
function  of  the  plate  separation  at  constant  electric 
field.  The  ionization  coefficient  is  determined  by  ioni¬ 
zation  processes  in  argon  and  by  ionization  of  mercury 
via  excited  argon  states  through  Penning  ionization  and 
associative  ionization.  Experimentally  the  ionization 
coefficient  is  found  to  be  a  function  of  E/n  and  the 
mercury  atom  fraction  only.  Small  admixtures  of  mercury 
lead  to  a  large  increase  in  the  ionization  coefficient. 
From  the  experimental  results  the  effective  rate  coeffi¬ 
cient  for  excitation  to  the  appropriate  argon  states  is 
obtained  as  a  function  of  E/n,  as  well  as  the  ratio  of 
the  rate  coefficients  for  destruction  of  these  excited 
argon  states  by  collisions  with  argon  and  mercury  atoms 
respectively. 

J.M.  Meek  and  J.D.  Craggs,  Electrical  Breakdown  of 

Gases  (John  Wiley  &  Sons,  1978). 


MA-4  Observation  of  ‘'S  Nitrogen  Metastable 
State  in  Charge  Exchange  Collisions  - 
K.  B.  McAfee,  Jr.,  C.  RT]  Szmanda ,  and 
R.  S.  Hozack,  Bell  Laboratories  --  The  charge- 
transfer  reactions  of  excited  metastable 
nitrogen  atomic  ions  with  argon  are 
reported.  The  principal  coijitr ibutor ?to  the 
reaction  cross  section  is  N  (bS;  1  S“ 2S2P-<> ) 
while  small  contributions  are  made  by  the  ^5 
states  of  N  .  The  experiment  quite 
uniquely  allows  a  clear  identification  of  the 
specific  electronic  state  which  undergoes  a 
charge  transfer  reaction.  Excited  atomic 
nitrogen  ions  are  important  in  interstellar 
and  synthetic  plasmas. 
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MA-5  Metastable  Ions  and  the  F-Region  Photochem¬ 
istry  of  N?+.*~  E.  L.  BREIG,  W.  B.  HANSON,  J.  H.  HOFFMAN, 
Univ.  Texas  at  Dallas  and  D.  G.  TORR,  Utah  State  Unlv. — 
Comprehensive  in  situ  measurements  with  the  Atmosphere 
Explorer  aeronomy  satellites  have  permitted  study,  direct 
in  the  atmospheric  environment,  of  the  uncertain  roles 
of  metastable  0+(2D)  and  vibrational  excitation  in  the 
photochemistry  of  N2+.  Results  are  described  for  a 
unique  subset  of  data  that  spans  distinct  regions  near 
the  daytime  F-peak  wherein  either  chemical  reactions  or 
electron  processes  alternatively  control  the  N£+  abun¬ 
dances.  Concentrations  for  N2+  calculated  with  recent 
laboratory  data  for  0+(2D)  losses  via  N2  exceed  these 
measurements  by  a  consistent  factor  of  ^2,  despite  good 
agreement  for  the  companion  N0+  ion.  The  nature  of  the 
data  imposes  severe  constraints  on  any  simple  modifica¬ 
tion  of  current  theory.  Improved  agreement,  however, 
is  achieved  with  a  more  complex  model  involving  losses 
of  vibrationally-excited  N2+  through  resonant-type 
reactions  with  0,  thus  reducing  its  net  production  from 
0+(2D)  . 

Research  supported  by  NASA  contracts  NAS5-11406, 

NAS5-11407  and  NAS5-24331. 


MA-6  jime  Resolved  Observations  of  Of^D)  Energy  Trans 


Ter  -  u.  h.  uermany,  b.  j.  baiamo,  ana  k.  0.  anaerson. 
University  of  Arkansas*--A  pulsed  fluorine  excimer  laser 
operating  at  AI570  A  wavelength,  10  ns  pulse  width,  10 
Hz  repetition  rate  and  v.7  MW  output  power  is  used  to_ 
photodissociate  ground  state  molecular  oxygen,  02(x3ig). 
The  dissociation  products,  0( Id)  and  0(’P),  are  produced 
with  unit  quantum  efficiency,  vO.4  eV  translational  ener 
gy,  and  total  O2  dissociation.  The  eqergy  transfer 
process  0(1D)  +  OpU^iq)  ->  Op  (blZq)  +  OrP)  is  moni¬ 
tored  by  observation  of  the  u(^D)  4-  0( JP )  radiative 
transition,  (A6300  A),  as  a  function  of  Op  gas  pressure 
over  the  region  10  to  400  mtorr.  The  QflDkquenching 
rate  constant  is  determined  as  3.5xl0-11  cnr/s  in  agree¬ 
ment  with  previous  observations.  All  observations  are 
carried  out  without  the  aid  of  a  high  pressure  buffer 
gas  to  limit  diffusive  losses.  The  data  demonstrate 
the  feasibility  of  using  pulsed  laser  dissociation  to 

Hi  nh  rs-f  H  l  Ini  an/i  nf  3n\ 

ae  f a^nof 


produce  high  densities  of  0(^D)  and  0(3P)  as  target 
atoms  for  subsequent  collision  experiments. 


♦Supported  by  NSF  grant  ATM-7918900 


M^-7  Measurement  of  Bimolecular  and  Termolecular  Charge 
Exchange  and  Penning  ionization  Kate  constants.  L.w. 
uownes,  S.D.  Marcum  and  W.E.  Wells,  Physics  Dept.,  Miami 
University,  Oxford,  Ohio  45056. 

A  long  pulse  electron  beam  (10  A/cm  ,  1  usee)  was  used  to 
create  a  helium-nitrogen  afterglow  plasma  over  100  T  to 
1000  T  helium  pressures  and  .05  T,  .1  T,  .2  T  and  .5  T 
partial  pressures  of  nitrogen.  The  lifetimes  of  the  3914 
A  transition  (N2+(B,v=0)  -*■  N2+(X,v=0))  was  observed  to 
determine  charge  exchange  lifetimes  (early  afterglow)  and 
Penning  ionization  lifetimes  (late  afterglow).  Using  the 
methods  of  Lee  et  al.1’2,  the  rate  constants  obtained  were 
within  experimental  error  (<  40%  lower  than  Lee  et  al.1) 
for  Charge  exchange  rates.  For  Penning  ionization 
rates  the  constants  were  greater  than  Lee  et  al.2  and 
less  than  Myers  et  al.3 

1.  F.W.  Lee,  C.B.  Collins  and  R.A.  Waller,  J.  Chem.  Phys 
65,  1605  (1976). 

2.  F.W.  Lee  and  C.B.  Collins,  J.  Chem.  Phys.  65,  5189 
(1976). 

3.  G.  Myers  and  A.J.  Cunningham,  J.  Chem.  Phys.  67_, 

3352  (1977). 


MA-8  Rotational  Spectra  of  Nitrogen  Ion  Transitions 
Produced  by  Penning  Ionization  at  High  Pressures.  L.W. 
uownes,  5.0.  Marcum  and  ti.E.  Wells,  Physics  Dept.,  Miami 
University,  Oxford,  Ohio  45056. 

A  long  pulsed  electron  beam  machine  with  variable  repeti¬ 
tion  rate  (10  A/ cm2,  1  ys,  up  to  2  pps)  was  used  to 
create  helium-nitrogen  plasmas  with  various  partial  pres¬ 
sures  of  nitrogen  at  total  pressures  ranging  from  100  - 
2300  Torr.  The  rotational  structure  of  the  N2+(B,v'=0) 
N2+(X,v"=0)  band  at  3914  A  was  observed  by  coupling  a 
scanning  spectrometer  to  the  repetitively  pulsed  e-beam 
initiated  plasma.  Fast  digitization  of  light  signals 
emitted  during  each  pulse  allowed  separation  of  discharge 
and  early  (charge  exchange  dominated)  and  late  (Penning 
ionization  dominated)  afterglow  portions  of  the  plasma. 

No  observable  differences  in  the  rotational  spectra  were 
found  for  those  time  domains  and  in  all  cases  the  rota¬ 
tional  temperature  was  close  to  300  K.  These  data  and 
the  effects  of  pressure  broadening  at  elevated  pressures 
will  be  presented  and  discussed. 
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MB-1  Electron  Density  Measurements  in  a  Low  Pressure 
Na-Ne  Discharge  using  Doppler-Free  Two-Photon  Spectros¬ 
copy  -  H.J.  CORNELISSEN,  and  A.L.J.  BURGMANS,  Philips 
Research  Labs.,  Eindhoven,  The  Netherlands.  —  In  a  low 
pressure  Na-Ne  discharge  the  Stark  broadening  and  shift 
of  the  Na-4D  level  due  to  the  presence  of  the  electrons 
are  both  of  the  order  of  100  MHz.  To  measure  these  quan¬ 
tities  the  Doppler  width  which  amounts  to  a  few  GHz  has 
to  be  eliminated.  This  is  accomplished  by  inducing  the 
3S-4D  two-photon  transition  in  sodium  using  two  counter- 
propagating  laser  beams  of  the  same  frequency.  The  laser 
induced  4P-3S  fluorescence  is  detected  together  with  the 
simultaneously  obtained  Doppler-free  signal  from  a 
sodium  reference  cell.  In  this  way  the  Stark  broadening 
and  shift  is  measured  as  a  function  of  the  discharge 
current  (0-1  Amp).  Using  the  calculations  of  Griemi 
values  for  the  electron  density  are  obtained  ranging 
from  lO1®  to  10^9  m“3.  With  the  present  technique  the 
electron  density  is  obtained  without  disturbance  of  the 
discharge  and  also  a  good  spatial  resolution,  better 
than  0.5  mm,  is  realized. 

1 

H.R.  Griem,  Spectral  Line  Broadening  by  Plasmas 

(Academic  Press,  1974). 


Heating  in  a  Pulsed  Nitrogen  Discharge*-J.P. 

BOEUF  and  E.E.  KUNHARDT,  Texas  Tech  U. — The  mechanisms 
for  gas  heating  in  pulsed  discharges  in  nitrogen  have 
been  invesitgated  using  a  self  consistent  calculation  of 
the  time  evolution  of  the  electron  distribution  function, 
the  vibrational  population,  and  the  density  of  electron¬ 
ically  excited  states.  Results  show  that  two  processes 
are  mainly  responsible  for  the  short  time  heating  of  the 
gas,  the  importance  of  each  depending  on  the  value  of 
E/N  and  the  electron  number  density  during  the  pulse 
(20<E/N<80  Td) 

-  heating  by  V-V  collisions  due  to  the  anharmonicity 
of  the  nitrogen  molecule  ("anharmonic  heat-up").  + 

-  heating  due  to  self-quenching  of  the  N2(A^Iu  ) 
molecules. 

Energy  transfer  to  the  translational  degree  of  freedom 
of  ^  bv  V-T  collisions  (mainly  N2-N),  or  by  deactivation 
of  N2(A"Tu+)  by  N  became  significant  after  a  much  larger 
time.  The  time  evolution  of  the  energy  balance  will  be 
discussed . 

*Work  Supported  by  ONR  under  Contract  #N000l4-81-K-0655 . 


PRE 


L39 


1 


MB"3  Monte  Carlo  Simulation  of  Electron  Properties  in 
ParalleT  Plate  Capacitively  Coupled  RF  Discharges  M.  77 
KUSHNER,  LLNL*— Electron  properties  in  parallel  plate  RF 
discharges  are  studied  with  results  from  a  Monte-Carlo 
computer  simulation.  The  model  calculates  the  time 
dependent  electron  density  and  sheath  potential  and 
thickness  by  oscillating  the  applied  electric  field. 

Time  averaged  values  for  the  spatial  distribution  of 
electron  energy  and  density  are  obtained  by  calculating 
many  RF  cycles,  periodically  undating  boundary 
conditions  for  a  self-consistent  solution.  The  computed 
electron  properties  are  in  systematic  agreement  with 
probe  measurements  made  in  a  plasma  etching  reactor  when 
a  large  secondary  emission  coefficient  for  electrons  by 
ions  is  used.  The  electron  distribution  function  is 
composed  of  a  large  thermal  group  and  an  e-beam 
component  resulting  from  high  energy  secondary  electrons. 

♦This  work  performed  under  the  auspices  of  the  U.  S. 

Dept,  of  Energy  by  the  Lawrence  Livermore  National 
Laboratory  under  contract  number  W-7405-ENG-78. 


MB-4  I'icrowave  capillary  discharges-  J.J 
E . BLOYET,E .DERVISEVIC ,P .LEPRINCE .M.POUEY , ! 
DA,Paris-Sud  U.  -  A  discharge  is  produced 
2.45  GHz  by  a  surface  wave  structure1 2  in  < 
lary  quartz  t ube s ( d i ame t e r s  2-mm  to  5-mm,; 
gas  pressure  O.I  to  10  torr) .In  these  disc 
ges,the  electric  field  E  and  the  electron 
ty  n  are  together  known. Thus, a  model3  base 
wave  properties  and  a  proportionality  assi 
on  between  the  absorbed  power  and  the  tot< 
ectron  number  gives  the  electron  density  j 
le  along  the  discharge  depending  on  the  pi 
re  and  the  wave  damp i ng . Exp e r imen t a  1  prof: 
are  in  good  agreement  with  theoretical  re' 
Spectroscopic  measurements  of  Arl  and  Arl! 
are  also  reported. As  e xpe c t ed , i n t en s i t i e s 
Arl  lines  are  proportional  to  n  and  Ez  (exi 
tion  frequencies  vary  like  E^) .As  in  capi' 
positive  columns, intensities  of  Aril  line! 
found  to  be  proportional  to  n3  and  E3. 


1  M.Chaker  et  a  1 . , J . Phy s . Le 1 1 .  , 4 3  ,  L 7 1  (1982). 

2  V.M.Glaude  et  al.,J.Appl.Phys.,51,5693  (1980) 
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of  the  Argon-Mercur 


MB-5  gggj  _ _ _ 

Discharge  at  High  E/N.  chart  .re;  N.  STEWART and 
J.H.  INGOLD,  General  Electric,  Nela  Park,  Cleveland, 
CH. —  The  relative  radiation  efficiency  of  mercury- 
argon  mixtures  in  11  mm  diameter  tubes  has  been 
measured  as  a  function  of  argon  pressure.  The  254  nm 
mercury  resonance  radiation  shows  an  unexpected  maximum 
near  an  argon  pressure  of  two  torr.  In  an  attempt  to 
explain  this  result,  the  Boltzman  equation  for  the 
electron  energy  distribution  has  been  solved  for  the 
appropriate  argon-mercury  mixture.  The  drop  off  at 
higher  argon  pressures  is  caused  by  increased  elastic 
losses,  as  expected.  The  drop  off  at  lower  argon 
pressures  is  caused  by  excitation  of  the  excited  states 
of  argon.  The  measurements  and  the  model  calculation 
for  11  nm  diameter  will  be  presented  and  compared  with 
results  for  discharges  in  36  nm  diameter  tubes. 


1  Axial  Particle  Density  Gradient  in 
Direct-Current  Discharges*  -  J.  H.  IN30LD,  General 
Electric  Company,  Cleveland,  CH  and  H.  J.  O^AM, 
University  of  Minnesota,  Minneapolis,  MN.  — Particle 
density  gradients  In  the  positive  column  of  a  dc 
discharge  have  been  reported  previously.  An  increase 
of  the  density  at  the  cathode  end  of  the  discharge  tube 
is  due  to  the  neutral ization  of  ions  at  the  cathode 
(cataphoresis) ,  while  a  density  increase  at  the  anode 
end  is  caused  by  an  imbalance  of  the  momenta 
transferred  by  the  electrons  and  ions  to  the  neutral 
particles  (electrophoresis) .  A  general  transport 
theory  will  be  presented  which  incorporates  both 
effects.  An  approximate  analytic  solution  shows  that 
cataphoresis  dominates  electrophoresis  at  low  gas 
pressures  in  a  monatomic  gas,  while  the  reverse  holds 
at  high  gas  pressures.  Numerical  results  will  be  given 
for  the  complete  pressure  range. 


♦Studies  sponsored  in  part  by  the  National  Science 
Foundation  (Grant  CPE-8105468) . 
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MB-7  Modelling  of  He-SiHa-PH-*  Gas  mixture  Glow  Dis¬ 
charge  Positive  Column  Plasmas  -  Jen-Shih  Chang,  Mcflaster 
University,  Canada,  R.M.  Hobson  and  Y*  Ichikawa, York  Uni¬ 
versity,  Canada —  A  numerical  model  of  the  positive  col¬ 
umn  in  plasmas  produced  in  the  gas  mixture  of  He-SiH4-PH3 
is  developed.  The  plasma  parameters  which  are  important 
to  those  conditions  applied  to  the  PCVD  technique  for 
a-Si  solar  cell  production  are  emphasized.  The  range  of 
numerical  parameters  cover  the  total  gas  pressure  P  from 
10-Uo  10  torr,  the  partial  silane  pressure  from  0  to  5x 
ICH  torr,  the  partial  PH3  pressure  from  0  to  5xl0-3  torr, 
the  discharge  tube  radius  from  1  to  3  cm,  and  the  elect¬ 
ron  density  from  10^  to  10 cm"3.  The  transport  equa¬ 
tion  of  He+,  He2+,  He*,  Si Ha_ 1 ,  PHg+,  PHg.iand  (H+H2)  has 
been  numerically  solved  together  with  electron  tempera¬ 
tures.  Numerical  results  show  that:  (1)  electron  tempera¬ 
ture  decreases  with  increasing  Si H4  and  PH3  partial  pres¬ 
sure;  (2)  for  lower  gas  pressure,  dominant  ion  species 
is  SiHa+,(a^3),  except  He+  at  smaller  discharge  tube  ra¬ 
dius;  (3)  for  higher  gas  pressure,  silane  free  radical 
density  is  much  larger  than  that  of  the  silane  ions;  (4) 
significant  amount  of  hydrogen  was  observed  only  at  the 
lower  pressure;  (5)  the  role  of  Helium  metastable  parti¬ 
cles  observed  to  be  important  in  the  plasma  parameters  in 
the  positive  columns  for  this  combination  of  gas  mixtures 
(*  presently  in  Wright  State  Univ.) 


MB-8  Particle  Balance  and  Plasma  Parameters  in  Oxygen 
Glow  Discharge  Positive  Column  -  Y.  ICHIKAWA,  R. 
L.C.  WU,  T.O.  TIERNAN,  Wright  State  Univ.*,  and  T. 

|  Kaneda,  Tokyo  Denki  U.,  Japan, — A  numerical  analysis  of 

a  pure  oxygen  positive  column  plasma  has  been  made  in 
order  to  predict  the  composition  of  neutrai  and  charged 
particles  and  their  plasma  parameters.  In  the  modeling 
of  the  discharge  plasma,  a  total  of  thirteen  species, 
including  electrons,  On(n=l'v3),  dm, On,-  (m=lo4)  ,  and 
I  metastable  02(a'Ag),  have  been  taken  into  consideration. 

More  than  thirty  reactions  involving  these  thirteen 
species  have  been  included  in  the  model.  Under  typical 
glow  discharge  conditions  (electron  density  ?1011cm-3, 
tube  radius  'vlcm  and  total  pressure  =  l'vlO  torr)  ,  the 
calculations  yield  the  following  conclusions:  (1)  the 
I  major  neutral  species  are  02  and  02(a'Ag),  and  03  is 

usually  less  than  1%  of  the  total  neutral  species;  (2) 
the  major  positive  and  negative  ions  are  02+  and  0- 
respectively ;  (3)  the  electron  temperature  increases 
slightly  as  the  plasma  density  increases.  The  calculated 
results  will  be  compared  with  experimental  data  also 
I  determined  in  the  present  study. 

♦Supported  by  U.S.  DOE  Contract  No.  DE-AC02-80ER-10668 . 
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MB-9  Studies  of  a  Glow  Discharge  Electron  Beam* -Z.  YU. 
J.  MEYER,  J.  ROCCA,  and  G.  COLLINS,  Colorado  St.  U.— Glow 
discharge  electron  beams  have  been  recently  used  to  excite 
cw  ion  lasersl»2.  We  have  measured  the  energy  spectrum 
of  a  kilovolt  electron  beam  produced  by  a  glow  discharge 
operating  in  helium  at  pressures  between  .15  and  .8Torr. 
The  electron  beam  energy  spectrum  measured  at  17  cm  from 
the  electron  gun  presents  an  energy  width  at  half¬ 
maximum  of  100  eV  to  300  eV.  The  electron  beam  energy 
spectrum  gets  narrower  as  the  discharge  current  is  in¬ 
cremented  up  to  a  critical  current  value,  at  which  it 
abruptly  degrades  into  a  broad  energy  profile.  This 
change  in  the  electron  beam  energy  spectrum  is  coinci¬ 
dent  with  the  sudden  appearance  of  a  plasma  region  with 
a  very  intense  luminosity  and  with  the  emission  of 
intense  microwave  radiation.  This  phenomena  is  attribu¬ 
ted  to  the  generation  of  plasma  oscillations  driven  by 
the  electron  beam.  We  suggest  the  use  of  the  beam- 
plasma  interaction  as  a  method  to  efficiently  deposit  the 
electron  beam  energy  into  the  plasma  for  the  excitation 
of  ion  lasers. 

*Supported  by  NSF. 

^J.  Rocca,  J.  Meyer  and  G.  Collins,  APL,  301,^40,  1982  and 
2JQE,  326,  18,  1982. 
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N-l  Theory  of  the  Boundary  Layer  in  a 
Partially  Ionized  Plasma*  -  K.-U.  RIEMANN, 
Ruhr-Universitat  Bochum, FRG.  The  build-up  of 
a  collision  free  space  charge  layer  in  front 
of  a  negative  wall  is  possible  only  if  the 
ions  are  accelerated  within  the  plasma  (in 
the  "presheath")  to  a  sufficiently  high  velo¬ 
city  (Bohm  criterion) .  The  theoretical  ana¬ 
lysis  of  the  presheath  region  requires  the 
self consistent  determination  of  the  potential 
and  ion  distribution.  This  analysis  is  com¬ 
plicated  by  the  strong  inhomogeneity  of  the 
boundary  layer.  For  representative  models  of 
the  collision  free  and  collision  dominated 
plasma  the  solution  can  be  given  analytically. 
Generally,  the  formulation  of  the  ion  kinetics 
yields  fundamental  conclusions  concerning  the 
nature  of  the  Bohm  criterion  and  the  structure 
of  the  plasma-sheath  transition.  These  results 
are  of  practical  importance  for  the  self- 
consistent  description  of  the  core  and 
sheath  of  a  plasma  column. 

*  Work  done  under  the  auspices  of  the  SFB  162 
of  the  Deutsche  Forschungsgemeinschaft 


N_2  Theory  of  the  Electron  Distribution 
Function  in  Strong  Inhomogeneities*  -  A. 
SCHUMACHER,  Ruhr-Universitat  Bochum, FRG.  The 
angular  relaxation  of  the  distribution  func¬ 
tion  in  the  strongly  inhomogeneous  boundary 
layer  of  a  Lorentz  gas  can  be  treated  by  the 
rather  involved  Case-Zweifel-f ormalism  of 
singular  integral  equations.  This  formalism, 
however,  cannot  be  generalized  to  include  the 
strong  and  inhomogeneous  electric  fields 
which  are  essential  for  the  electron  kinetics 
in  the  boundary  layer.  Therefore  we  start 
from  a  parametrization  of  the  angular  depen¬ 
dency  of  the  electron  distribution  function, 
which  is  based  on  physical  arguments  and 
accounts  for  the  special  conditions  of  the 
plasma-wall  transition  region.  An  estimate  of 
the  error  shows  the  validity  of  this  pro¬ 
cedure.  For  the  field-free  case  the  results 
can  be  compared  with  analytical  and  numerical 
solutions  in  the  literature,  which  yields 
excellent  agreement. 

*Work  done  under  the  auspices  of  the  SFB  162 
of  the  Deutsche  Forschungsgemeinschaft 
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N-3  Electron  Wall  Current  and  Floating  Po¬ 
tential  in  a  Weakly  Ionized  Plasma*  -  A.  SCHU¬ 
MACHER,  Ruhr-Universitat  Bochum  FRG.  The  calcu¬ 
lation  of  the  electron  wall  currents  in  a 
weakly  ionized  plasma  requires  a  kinetic 
treatment  of  the  electrons  in  the  plasma-wall 
transition  sheath.  Using  the  method  of  matched 
asymptotic  expansions  we  solve  the  kinetic 
equation  on  two  different  scales  corresponding 
to  the  characteris tic  lengths  of  momentum  and 
energy  exchange,  respectively.  The  consistent 
matching  yields  the  angular  and  energy 
dependency  of  the  electron  distribution  func¬ 
tion  in  the  whole  boundary  layer.  We  calculate 
the  electron  wall  current  to  a  planar  negative 
wall  and  find  order  of  magnitude  deviations 
from  the  Hertz-Knudsen-formula  and  a  corres¬ 
pondingly  large  shift  in  the  floating  poten¬ 
tial.  As  an  example  we  discuss  the  application 
of  our  results  to  the  theory  of  electrostatic 
Langmuir  probes . 

♦Work  done  under  the  auspices  of  the  SFB  162 
of  the  Deutsche  Forschungsgemeinschaft 


N-4  Body  Fitted  Non-Linear  Electric  Field  in  Glow 
Di scharges*""-  W.M.  MOEHYT  H.J.  RAPP,  Tetra  Corp.—  P.J7 
ROACHET,  ETcodynamics  Res.  Assoc.  —A  new  approach  to 
analyzing  Z-U,  steady  state  electric  fields  in 
self-sustained  and  e-beam  controlled  glow  discharges  has 
been  developed.  Our  approach  uses  a  body-fitted 
coordinate  system  to  calculate  the  electric  fields  on 
physical  boundaries,  such  as  electrode  surfaces,  so  that 
the  effects  of  subtle  changes  in  electrode  shape  are 
properly  modeled.  We  use  a  numerical  coordinate 
transformation  to  solve  the  non-linear  Poisson  Equation, 
which  describes  the  electric  field  including  non-uniform 
plasma  distribution  effects.  We  then  do  the  reverse 
transformation  to  obtain  the  electric  fields  in  physical 
space.  This  approach  enables  design  of  self-sustained 
and  e-beam  glow  discharge  electrodes  with  a  precision 
not  previously  possible.  It  also  enables  detailed 
analysis  of  the  interaction  between  non-uniform  plasma 
and  the  electric  field  distribution.  A  time-dependent 
version  of  the  code  is  under  development,  along  with  a 
3-0  steady-state  version.  Comparisons  with  known 
solutions  will  be  presented,  along  with  examples  of 
electrode  design  and  analysis. 

♦Supported  by  Air  Force  OSR. 
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N-5  Cathode  Sheath  Formation  in  a  Pulsed,  High- 
Pressure  Discharge  - 

to.  H.  LONG,  JR.,  Northrop  Research  and  Technology  Center 
The  formation  of  a  sheath  at  the  cathode  of  a  high  pres- 
sure  discharge  is  analyzed  in  a  two-component  plasma  by 
solving  the  continuity  equations  for  ion  species  and  the 
gas  dynamic  equations  for  neutrals.  The  electron  energy 
distribution  is  assumed  to  be  in  equilibrium  with  the 
local  electric  field.  A  uniform  field  gap  is  coupled  to 
an  external  circuit  and  then  preionized  to  initiate 
breakdown.  The  electrons  are  swept  away  from  the  cathode 
until  the  space  charge  field  generated  by  the  sheath  is 
strong  enough  to  drive  an  ionization  wave  back  against 
the  drift.  The  cathode  fall  potential  increases  at  first 
to  over  1000  V  before  relaxing  back  to  its  steady  value 
of  about  100  V.  Sheath  development  is  essentially  com¬ 
plete  before  gas  heating  has  significantly  altered  the 
neutral  density.  At  later  times  the  sheath  expands, 
driving  a  shock  wave  out  from  the  cathode  surface.  The 
dependence  of  sheath  formation  on  external  circuit  para¬ 
meters  and  preionization  uniformity  is  examined  with 
regard  to  discharge  stability. 


Analysis  of  Positive  Ion  Mass  Spectra  at  the 
Cathode  of  a  Glow  Discharge  -  M.C.  SIDDAGANGAPPA,  and 
M.S.  NAIDU,  I. I. Sc..  Bangalore.  India.  —  The  data  of 
mass  analysis  of  the  positive  ions  in  the  cathode  region 
of  a  glow  discharge  will  be  of  considerable  help  for  an 
understanding  of  the  basic  physical  processes  occurring 
in  a  glow  discharge.  Mass  spectra  of  the  positive  ion 
species  in  the  cathode  region  of  a  glow  discharge  in  air, 
N2,  Op  and  CO2  was  obtained  using  a  quadrupole  mass  spec¬ 
trometer  built  in  our  laboratory.  The  discharge  source 
consists  of  two  plane  electrodes  separated  by  a  distance 
of  6  mm  and  operates  over  the  pressure  range  of  0.1  to 
1  torr.  Stabilised  power  source  was  used  to  supply  the 
discharge  current  upto  30  mA.  An  aperture  of  0.5  mm 
dia  in  the  cathode  facilitates  the  flow  of  ions  into  the 
mass  analyzer  region.  Analysis  of  the  mass  spectras 
obtained  shows  that  with  Np,  only  H+  ions  were  recorded 


and  presumably  these  are  formed  due  to  electron  bombard¬ 
ment  of  according/(reaction:  Np+e  — *•  N++N+2e.  Similar 
reactions  were  found  to  be  predominant  when  only  C"*,  0* 
and  CO*  were  observed  in  CO*  and  0f  was  abundant  in  0^ . 
CT/OJ  ratio  over  the  discharge  current  range  of  5  to 
20  mA  was  observed  to  increase  from  10  to  90.  In  air 
N*  and  0*  were  dominant  with  N2  and  02  forming  only  5 i° 
of  the  total  ion  current. 
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